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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a CNT 

membrane that can secure mechanical membrane 20 
strength without depending only on an organic binder, / / 

can easily obtain a flat shape without bubbles in the 
membrane, and can eliminate a complicated CNT 
refining step such as removing impurities other than 201 
nano-tubes more than necessary, and can reduce 
degradation in electron emission characteristic due to 
increase in the diameter of a bundle. 
SOLUTION: In this carbon nano-tube(CNT) and CNT 
membrane 12 containing particulate impurities, the 
area ratio of CNT 12a to particulate impurities in a 
cross section and surface structure is set in the range 
of 0.6:99.5 to 40:60. In such a CNT membrane 12, 
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the particulate impurities may be made to be composed of the impurities that are obtained 
along with the CNT 12a during manufacture of the CNT 12a. 
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* NOTICES * ^ ^ 

JPO and NCI PI are not responsible for any 
damages caused by tihe use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] CNT film which is CNT fikn containing a carbon nanotube (CNT) and a particle-like 
impurity, and is characterized by setting the surface ratio of the CNT and the particle-like impurity in 
a cross section and a surface structure as the range of 0.5:99.5-40:60. 

[Claim 2] CNT film according to claim 1 characterized by consisting of this impurity obtained with 
CNT in case said particle-like impurity manufactures said CNT. 

[Claim 3] CNT film according to claim 1 or 2 characterized by for said particle-like impurity 
functioning as a cementitious material which embeds the clearance between CNT(s), and adding 
further a cementitious material other than this cementitious material. 

[Claim 4] CNT film according to claim 3 characterized by said another cementitious material 
consisting of the organic substance. 

[Claim 5] CNT film according to claim 4 characterized by said organic substance consisting of an 
acrylic, a nitrocellulose, and an ingredient containing at least one of polyimide resin. 
[Claim 6] CNT film according to claim 1 to 5 characterized by the filling factor which CNT and said 
particle-like impurity occupy in said CNT film being 70% or more. 

[Claim 7] CNT film given in any 1 term of the claims 3-6 characterized by for said CNT film 
consisting of cascade screens more than two-layer [ by which the laminating was carried out one by 
one ], and setting up separately CNT in each class of this cascade screen, the particle-like impurity, 
and the content ratio of another cementitious material, respectively. 

[Claim 8] The manufacture approach of the CNT film according to claim 7 characterized by the 
content ratio of CNT being as high as the upper layer, and its said particle-Uke impurity and content 
ratio of another cementitious material being as high as a lower layer among said CNT, a particle-like 
impurity, and another cementitious material. 

[Claim 9] CNT film according to claim 8 characterized by the content ratio of said another 
cementitious material [ in / in content ratios other than CNT / in / in the content ratio of CNT in the 
maximum upper layer / the layer below the maximum upper layer / the lowest layer ] being 60 - 70% 

70 to 80% 80 to 90%. 

[Claim 10] Field emission mold cold cathode characterized by using the CNT film of a publication 
for any 1 term of the claims 1-9. 

[Claim 11] The manufacture approach of the CNT film characterized by constituting the 
cementitious material which is the manufacture approach of manufacturing the CNT film of a 
publication, and changes from said particle-like impurity to any 1 term of the claims 1-10, and/or 
said another cementitious material from an ingredient quicker than the etching rate of CNT, and 
carrying out patteming of said CNT film. 

[Claim 12] The manufacture approach of the CNT film according to claim 1 1 characterized by 
making said cementitious material and/or another cementitious material remain with CNT in the 
CNT film field made to remain in the patteming process of said CNT film. 

[Claim 13] The manufacture approach of the CNT film according to claim 1 1 or 12 characterized by 
using CNT and the particle-like impurity which were obtained by coincidence at the same process as 
mutual. 

[Claim 14] The manufacture approach of the CNT film according to claim 11 or 12 characterized by 
using CNT and the particle-like impurity which were obtained at a process which is mutually 
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different. 

[Claim 1 5] Arc discharge is performed using the carbon rod of the pair which counters mutually 
within a chamber. CNT and a particle-like impurity are made to deposit on each of the top plate in 
said chamber, a side plate, and a bottom plate. The top-plate deposits and side plate deposits which 
are the manufacture approach of manufacturing the CNT film using this deposit, and were deposited 
on the top plate and side plate in said chamber, respectively are collected. The manufacture approach 
of the CNT film characterized by having mixed the both sides of said collected top-plate deposit and 
a side plate deposit by the predetermined weight ratio, having generated the charge of an admixture, 
and using said particle-like impurity in this charge of an admixture as an ingredient which fills the 
clearance between CNT(s) in this charge of an admixture. 

[Claim 16] The manufacture approach of the CNT film according to claim 15 characterized by 
adjusting the content of CNT and a particle-hke impurity using said side plate deposit and said top- 
plate deposit so that the surface ratio of the CNT and the particle-Uke impurity in a cross section and 
a surface structure may fill the range of 0.5:99.5-40:60. 

[Claim 17] Field emission mold cold cathode characterized by using for any 1 term of the claims 11- 
16 the CNT film manufactured by the manufacture approach of the CNT film a publication. 
[Claim 18] The particle-like impurity of particle size with which said CNT film constitutes the 
electron emission side containing said CNT and particle-like impurity, and exceeds 500nm in this 
electron emission side is electron emission mold cold cathode according to claim 17 characterized by 
not being contained. 

[Claim 1 9] The field emission mold image display device characterized by using electron emission 
mold cold cathode according to claim 18. 



[Translation done.] 
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* NOTICES * 

JPO amd NCIPI are not responsible for any 
damages caused by the use of this translati 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the field emission mold cold cathode and the field 
emission mold image display device which used such CNT film for the CNT film which realizes 
field emission mold cold cathode which can demonstrate a good emission property especially and its 
manufacture / processing approach, and a list about the manufacture approach of the carbon 
nanotube (hereafter referred to also as CNT) film used for the field emission mold cold cathode for 
example, in a field emission display (hereafter referred to also as FED) etc. 
[0002] 

[Description of the Prior Art] In recent years, the carbon nanotube which is a new carbon material is 
especially expected in the application as emitter ingredients, such as field emission mold cold 
cathode. CNT has the shape of a cylindrical shape of the hollow which rounded off the graphene 
sheet with which the carbon atom was arranged regularly in the shape of a tube, an outer diameter is 
NANOMETORU (nm) order and die length is minute matter with a very high aspect ratio called 0.5 
- 10 micrometers of numbers. In CNT of such a configuration, electric-field concentration tends to 
take place to a part for a point, and a high emission current consistency can be expected. Moreover, 
since CNT has the property that chemical and physical stability is high, a stable thing is expected to 
adsorption, an ion bombardment, etc. of the residual gas in a vacuum of operation. 
[0003] Two kinds, a monolayer nanotube and a multilayer nanotube, exist in CNT. A monolayer 
nanotube is a tube of the monoatomic layer thickness which the graphene (carbon hex-steel side of a 
monoatomic layer) of one sheet closed in the shape of a cylinder, and the diameter is about 2nm. A 
multilayer nanotube is that to which cylindrical graphene was piled up to the multilayer, and the 
outer diameter is [ the diameter of 5-50nm and a central cavity ] 3-lOnm. The monolayer nanotube 
with the high operating fi*equency as an emitter is generable with the arc discharge which uses a 
carbon rod as an electrode. 

[0004] The method of generating the above-mentioned monolayer nanotube is indicated by the 
reference of Nature Vol.354(1991) p.56 - 58 grade. There is description of the purport which 
performs arc discharge in the condition of having filled the inside of a vacuum chamber with the 
ambient atmosphere of 66500Pa (SOOTorr) helium or argon gas, having made the edge of this carbon 
rod countering mutually during this publication using the carbon rod which added iron, cobalt, and 
nickel as a catalyst metal, and having connected with the electrode. As for CNT, a generation 
location changes with classes of catalyst metal. For example, when iron and cobalt are added to a 
catalyst metal, CNT is generated in the soot adhering to a chamber wall. 

[0005] The purification method of the above-mentioned monolayer nanotube is indicated by JP,10- 
120409, A. In this purification method, after performing impact processing by the polar-solvent 
molecule to the carbon raw material containing the monolayer nanotube generated by the arc 
discharge method etc. beforehand and performing baking processing and acid treatment further, high 
grade-ization of 99% of the weight or more of a monolayer nanotube is realized by performing 
sonication. 

[0006] CNT is distributed in a resist, it applies on a substrate, and the method of obtaining the film- 
like CNT film is indicated by JP,6-252056,A, By this approach, when the homogeneity of thickness 
is required, spin coating is used. Then, the CNT film is fixed on a substrate by giving baking 
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required for a resist. 

[0007] Moreover, the attempt which utilizes CNT as electron emission occurs. For example, the 
property at the time of using for Jpn.J.Appl.Phys.Vol.36 (1997) and L1340-L1342 page the 
monolayer nanotube high-grade-ized according to the above-mentioned purification method as a 
source of electron emission is reported. The monolayer nanotube after purification is mixed in 
binders, such as a resist, a nanotube layer is formed in Japanese Patent Application No. No. 145900 
[ 1 1 to ] by technique, such as a spin coat, screen- stencil, and spraying, and the manufacture 
approach of field emission mold cold cathode and a flat-surface display using they as an electron 
source is indicated. 

[0008] As shown in drawing 16 , in FED of triode structure, emitter 12b which used the CNT film 
for field emission mold cold cathode is used, and the gate electrode 25 is arranged between emitter 
12b and the anode electrode 24. On a glass substrate 10, a conductive substrate or a conductive layer 
1 1 is formed, the CNT film 12 accumulates on a conductive layer 11, and the gate electrode 25 is 
formed through the insulator layer 23 on the CNT film 12. By the gate opening 17 which penetrates 
the gate electrode 25 and an insulator layer 23, some CNT film 12 is exposed and emitter 12b is 
made. A predetermined distance is opened above the glass substrate 10 containing the CNT film 12 
and gate electrode 25 grade^ the anode electrode 24 is arranged, and the space between both sides is 
held at a vacuum. 

[0009] An electron is made to emit towards the anode electrode 24 on the display of the above- 
mentioned triode structure fi-om emitter 12b exposed in the gate opening 17 by impressing negative 
potential to the CNT film 12, and impressing forward potential to the anode electrode 24 and the gate 
electrode 25, respectively. 
[0010] 

[Problem(s) to be Solved by the Invention] After refining the conventional CNT film, it fixed CNT 
in the shape of a film by using an organic cementitious material, and had secured mechanical film 
reinforcement. However, if CNT is hardened only by the organic cementitious material, the CNT 
fihn will hold air bubbles by the emission gas which occurs fi*om an organic binder, and the degree 
of vacuum in equipment will be spoiled. If such CNT film is used for the emitter of FED, in FED 
[ need / the inside of a vacuum / to be operated ], the air bubbles which exist in the CNT film will 
serve as a failure, and the situation that a vacua cannot be obtained in a short time will arise. <BR> 
[001 1] Moreover, when energy is able to be given by approaches, such as ion irradiation, electron 
irradiation, and heating, as compared with CNT which is an inorganic substance, the component 
evaporates an organic binder and it tends to emit gas. For this reason, by the CNT film containing 
many organic binders, by that initial state, even when there are few air bubbles, after energy grant, it 
also has the problem whose air bubbles increase. Furthermore, since the component is a big 
molecule, an organic binder may be a molecule also with the big molecule of the gas contained in air 
bubbles. 

[0012] Thus, when a big molecule ionizes, in the electric field more nearly same than the case where 
a small molecule ionizes, it will have big kinetic energy, and a serious damage will be given to the 
matter with which this big ion collided. Furthermore, when a big molecule decomposes and it 
becomes a small gas molecule, the gas molecule of the part will increase, and air bubbles will 
increase in number further. 

[0013] Moreover, in case the CNT film is fixed on a substrate by giving a PURIBE king required for 
a resist as mentioned above, the problem that many, such as an acrylic which is the organic binder 
component which sinks into the CNT film, are bumed down, and a CNT film front face irregularity- 
izes by the volume decrease resulting fi-om this, or a clearance occurs with baking arises. 
[0014] Moreover, there was a trouble shown below fi-om a viewpoint of electron emission. That is, 
although the purification process conventionally used before emitter formation is effective when 
eliminating impurities other than a nanotube and realizing high grade-ization of a nanotube, in that 
case, the path of the bundle (bundle) of a nanotube may increase and the electron emission 
characteristic (emission property) may deteriorate. As for the monolayer nanotube formed by arc 
discharge, laser ablation, etc., nanotubes usually form a bundle with a diameter of about 20-30nm 
according to the weak coupling force (Van der Waals force) comparatively. 

[0015] At the purification process of a nanotube, since impurities other than a nanotube are gradually 
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eliminated at the same time it passes through two or more processes as shown in JP,10-120409,A 
mentioned above, the count of contact of an adjoining nanotube increases and bundle-ization 
promotes. That is, the diameter of a bundle increases. It is possible to emit the electron of many in 
low electric field in field electron emission, so that the diameter of a bundle of a nanotube is small an 
emitter point and here. However, as for the nanotube which passed through the purification process, 
the electron emission characteristic deteriorates according to increase of the diameter of a bundle. 
[0016] Another technical problem also occurs at a nanotube purification process. Since the particle- 
like impurity has adhered to CNT in Van der Waals force or a chemical bond, when it is going to 
remove this particle-like impurity, if it has the energy beyond the above-mentioned Van der Waals 
force or the chemical bond force, and another way of speaking, the activation energy of the more 
than which is combining CNT and a particle-like impurity must be given. This energy grant is 
anxious about a damage arising in association of CNT. 

[0017] In case electron emission of the CNT which received the damage is carried out from self after 
that, the own crystal structure breaks and it also has the problem that the long duration maintenance 
of the early electron emission characteristic cannot be carried out. In making a particle-like impurity 
sublimate, or dissolving a particle-like impurity into liquid and removing, there is concern which 
gives a damage to CNT by sublimation energy grant or dissolution energy grant. It may have effect 
with the condition important for the property that 1 or several nanotubes are sticking out rather than 
other bundle configuration nanotubes by the end face in the single Wall nanotube which forms the 
bundle. 

[0018] Since it will become a sharp tip to in the case of a field-electron-emission property the 
diameter of a bundle being thick and being hard to concentrate electric field in the state of the bundle 
with which two or more are bundled if 1 or several nanotubes are sticking out in the shape of an 
antenna at the end, electric field concentrate and electron emission is made by low electric field. 
Since the nanotube which jumped out in the shape of [ this ] an antenna may disappear at a 
purification process, he does not want to make a nanotube refined also at that point. Said antenna- 
like tip is important also in the measuring instrument and catalytic reaction which used the structure 
of not only the viewpoint of field electron emission but the edge of CNT. 

[0019] Moreover, since the impurity with the other carbon nanotube after purification hardly exists, 
the rate of the nanotube occupied to the unit area of a nanotube film fi-ont face increases. That is, the 
nanotube point which is a source of electron emission arranges densely on an emitter front face. 
However, since potential stops permeating around a point when spacing of the adjoining nanotube 
point becomes extremely small, electric-field concentration falls. Therefore, it becomes the cause by 
which the electron emission characteristic deteriorates. 

[0020] This invention can secure mechanical film reinforcement in view of the above, without being 
dependent only on an organic binder. It makes it possible to abolish the complicated CNT 
purification process that a flat configuration is acquired simple, and air bubbles are not held in the 
film, and impurities other than a nanotube are removed beyond the need. It aims at offering the CNT 
film which can mitigate degradation of the electron emission characteristic by the diameter increase 
of a bundle, and offering the manufacture approach of the CNT film of having the good electron 
emission characteristic. 

[0021] This invention aims at offering the image display device using the field emission mold cold 

cathode using still such CNT film, and this field emission mold cold cathode. 

[0022] 

[Means for Solving the Problem] For example, when generating CNT by an arc discharge method 
etc., in the soot adhering to a chamber wall, a particle-Uke impurity exists with CNT. A particle-hke 
impurity shows the range more than SABUNANOMETORU by 500 nanometers or less. If this 
invention persons use as a filler the particle-like impurity discarded as an unnecessary thing at the 
time of formation of the CNT fibn While being able to acquire the precise restoration condition 
which embedded the clearance between CNT(s) and secured film reinforcement, without being 
dependent only on the conventional organic system cementitious material Even if it added other 
cementitious materials and used the organic cementitious material, since there are few organic binder 
components, paying attention to the point that the operation effectiveness that there are very few 
possibilities that a degree of vacuum may be spoiled is acquired, research is wholeheartedly repeated 
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by emission gas, and it came to make this invention. Since the above-mentioned soot is fomied in the 
interior of vacuum devices through the high energy process in which a carbon raw material 
reconstructs the atomic arrangement in CNT structure, the particle-Hke impurity contained for the 
soot is in the condition of gas being emitted like a formation fault and being hard to emit gas after it. 
It is effective in obtaining a filler with little emission gas, without increasing a process by using it, 
without discarding the particle-Uke impurity which is in the condition of being hard to carry out a 
gas evolution beforehand. 

[0023] In order to attain the above-mentioned purpose, the CNT film of this invention is CNT film 
containing a carbon nanotube (CNT) and a particle-like impurity, and is characterized by setting the 
surface ratio of the CNT and the particle-like impurity in a cross section and a surface structure as 
the range of 0.5:99.5-40:60. 

[0024] By the CNT film of this invention, mechanical film reinforcement can be secured without 
depending for a particle-like impurity only on an organic binder, since the clearance between CNT(s) 
at the above-mentioned surface ratio was embedded, and the flat configuration which does not hold 
air bubbles in the film is acquired simple. Moreover, it becomes possible to abolish the complicated 
CNT purification process that impurities other than a nanotube are removed beyond the need, and 
degradation of the electron emission characteristic by the diameter increase of a bundle can be 
mitigated. 

[0025] It is desirable that it consists of this impurity obtained with CNT here in case said particle- 
like impurity manufactures said CNT. In this case, while a process becomes simple, adhesion force 
with a substrate can do so the effectiveness that the CNT film which has a good emission property 
highly can be formed. 

[0026] Moreover, it is also a desirable mode that said particle-like impurity fimctions as a 

cementitious material which embeds the clearance between CNT(s), and a cementitious material 

other than this cementitious material is added fiirther. In this case, adhesion force with a substrate 

can form the CNT film which has a good emission property still more highly. 

[0027] Preferably, said cementitious material consists of the organic substance. Thereby, baking at 

low temperature is attained and can do so further the effectiveness that patterning of CNT becomes 

easy. 

[0028] Specifically, said organic substance can consist of an acrylic, a nitrocellulose, and an 
ingredient containing at least one of polyimide resin. In this case, the fixing condition to the substrate 
of CNT can be made more reliable. 

[0029] Moreover, it is desirable for the filling factor of said particle-Hke impurity which embeds the 
clearance between CNT(s) to be 70% or more. In this case, since the CNT film becomes precise, gas 
cannot remain inside and the effectiveness that a good insulating layer can be formed on said CNT 
film can be done so. 

[0030] It is desirable that said CNT film consists of cascade screens more than two-layer [ by which 
the laminating was carried out one by one ], and CNT in each class of this cascade screen, the 
particle-like impurity, and the content ratio of a cementitious material are set up separately, 
respectively. For example, it becomes possible to form the respectively optimal condition to the 
lowest layer which needs the function which mainly fixes to a substrate in the case of the cascade 
screen which consists of three layers, the interlayer who needs the function which embeds the 
clearance between CNT(s), and the maximum upper layer which needs CNT which stands straight 
fi-om the CNT film. 

[0031] It is desirable for the content ratio of CNT to be as high as the upper layer, and for its said 
particle-like impurity and content ratio of another cementitious material to be especially as high as a 
lower layer among said CNT, a particle-like impurity, and another cementitious material. 
Specifically, the content rafio of said another cementitious material [ in / for content ratios other than 
CNT / in / for the content ratio of CNT in the maximum upper layer / the layer below the maximum 
upper layer / the lowest layer ] can be set [% / 80 - 90 /% / 70 - 80 ] up to 60 - 70%, respectively. 
[0032] Here, it is desirable to form field emission mold cold cathode using said CNT film. In that 
case, it is strong, and since a uniform insulating layer can be formed, the adhesion force of the CNT 
fikn and a substrate can obtain the field emission mold cold cathode which has a stable and long 
lasting emission property. 
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[0033] The manufacture approach of the CNT fihn of this invention is the manufacture approach of 
manufacturing said CNT film, and is characterized by constituting the cementitious material which 
consists of said particle-like impurity, and/or said another cementitious material from an ingredient 
quicker than the etching rate of CNT, and carrying out patterning of said CNT film. 
[0034] By the manufacture approach of the CNT film of this invention, in the case of patterning of 
the CNT film, since the etching rate of a cementitious material and/or another cementitious material 
is quicker than CNT, the removal process of the CNT film becomes very simple. Moreover, if the 
cementitious material and/or another cementitious material in the field made to remain are also made 
to remain when making CNT of a desired field remain and removing CNT film other than this field, 
after a process can make the CNT film fix strongly to a substrate. 

[0035] It is desirable to use CNT and the particle-like impurity which were obtained by coincidence 
at the same process as mutual here. Thereby, the effectiveness that a process can form firm CNT 
simple is acquired. Or it is also a desirable mode to replace with this and to use CNT and the 
particle-like impurity which were obtained at a process which is mutually different, in this case, 
CNT and a particle-like impurity ~ a mixing ratio can be controlled more correctly. 
[0036] Moreover, the manufacture approach of the CNT fihn of this invention performs arc 
discharge using the carbon rod of the pair which counters mutually within a chamber. CNT and a 
particle-like impurity are made to deposit on each of the top plate in said chamber, a side plate, and a 
bottom plate. The top-plate deposits and side plate deposits which are the manufacture approach of 
manufacturing the CNT film using this deposit, and were deposited on the top plate and side plate in 
said chamber, respectively are collected. The both sides of said collected top-plate deposit and a side 
plate deposit are mixed by the predetermined weight ratio, the charge of an admixture is generated, 
and it is characterized by using said particle-like impurity in this charge of an admixture as an 
ingredient which fills the clearance between CNT(s) in this charge of an admixture. 
[0037] In the manufacture approach of the CNT film of this invention, the top-plate deposit and side 
plate deposit which were collected fi-om the top plate and the side plate are mixed by the 
predetermined weight ratio. Furthermore, since the particle-like impurity in the charge of an 
admixture was used as an ingredient which fills the clearance between CNT(s) in this charge of an 
admixture, mechanical film reinforcement can be secured without being dependent only on an 
organic binder, and the CNT film of the shape of flatness which does not hold air bubbles in the film 
can be obtained simple. Moreover, since the complicated CNT purification process that impurities 
other than a nanotube are removed beyond the need can be abolished, degradation of the electron 
emission characteristic by the diameter increase of a bundle is mitigable. 

[0038] Using said side plate deposit and said top-plate deposit, specifically, the content of CNT and 
a particle-like impurity can be adjusted so that the surface ratio of the CNT and the particle-Hke 
impurity in a cross section and a surface structure may fill the range of 0.5:99.5-40:60. In this case, 
while being able to secure mechanical film reinforcement, without being dependent only on an 
organic binder by setting the surface ratio of CNT and a particle-like impurity as the range of 
0.5:99.5-40:60, and embedding the clearance between CNT(s), the flat configuration which does not 
hold air bubbles in the film is acquired simple. 

[0039] Here, by using the CNT film manufactured by the manufacture approach of said CNT film, it 
is strong, and since a uniform insulating layer can be formed, the adhesion force of the CNT film and 
a substrate can obtain the field emission mold cold cathode which has a stable and long lasting 
emission property. In that case, the electron emission side where the CNT film contains CNT and a 
particle-like impurity can be constituted, and in this electron emission side, the particle-like impurity 
of the particle size exceeding 500nm can be constituted so that it may not be contained. Moreover, 
by using a particle-like impurity with a particle size of SOOnm or less for an electron emission side, a 
flat fi-ont face is obtained and the field emission mold cold cathode which does the good emission 
effectiveness so can be obtained. 

[0040] Moreover, the field emission mold cold cathode which can be used suitable for a field 
emission mold image display device (flat-surface image display device) can be obtained by forming 
the CNT film which made the mixed ratio of the top-plate deposit to a side plate deposit 50% or less. 
A uniform display can do the field emission mold image display device using such electron emission 
mold cold cathode in high definition, and the yield also becomes good. 



http ://www4. ipdl .ncipi .go .jp/cgi-bin/tran_web_cgi_ejj e 9/1 3/2005 



JP,2002-1 90247, A [DETAILED DESCRIPTION] Page 6 of 1 6 



[0041] . . . . 

[Embodiment of the Invention] Hereafter, with reference to a drawmg, this mvention is turther 
explained to a detail based on the example of 1 operation gestalt of this invention. Drawin g 1 R> 1 is 
the perspective view showing flat-surface image display devices, such as FED which applied to the 
emitter the CNT film manufactured by the manufacture approach concerning the example of the 1st 
operation gestalt of this invention. 

[0042] The flat-surface image display device has two or more band-like conductive layers 1 1 which 
extend in parallel with mutual in the longitudinal direction of drawing 1 on the glass substrate 10. On 
each conductive layer 1 1, the CNT film 12 of the same width of face accumulates, respectively, and 
cathode (emitter) Rhine 15 is formed. Moreover, SOG (SpinOn Glass) or polyimide, acrylic resin, 
etc. are dropped and applied (spin coat), and gate dielectric film 13 is formed so that the whole 
surface of the glass substrate 10 containing the CNT film 12 may be covered. 
[0043] the direction in which the cathode line 15 and the band-like gate electrode 16 cross at right 
angles on gate dielectric film 13 ~ and it extends in parallel with mutual and the gate line is made. 
The gate opening 17 of the diameter of predetermined which constitutes the electron emission 
section is formed in a part for the intersection of the cathode line 15 and a gate line, and the CNT 
film 12 exposed to this gate opening 17 constitutes an emitter. 

[0044] The anode panel (refer to drawing 16 ) by which the fluorescent substance of RGB (red, 
green, blue) was applied opens a glass substrate 10 and predetermined spacing, counters the upper 
part of the above-mentioned glass substrate 10 in which the electron emission section was formed, 
and is arranged in it. The flat-surface image display device which performs a display action is 
constituted by this impressing an electrical potential difference to the cathode line 15 and a gate line 
alternatively. Moreover, the space between a glass substrate 10 and an anode panel is held at a 

vacuum. . 
[0045] Drawing 2 is the perspective view showing the manufacture process of FED made into the 
cross section in part, and (a) - (d) shows each process gradually. Drawing 3 is a flow chart which 
shows the process corresponding to each process of drawing^ . 

[0046] First, at step SI, the CNT film 12 is deposited through a conductive layer 1 1 on a glass 
substrate 10 (.). ( drawing 2 R> 2 (a)) Subsequently, at step S2, after carrying out the spin coat of the 
insulator layer formation liquid on the CNT film 12, a baked bundle is performed and gate dielectnc 
fibn 13 is formed ( drawing^ (b)). 

[0047] Then, the gate opening (emitter hole) 17 is formed at step S3 by patteming which cames out 
eye doubling exposure and development ( drawing 2 (c)). Furthermore, by step S4, metal wiring is 
given on the gate dielectric fihn 13 with which the gate opening 17 was formed, and it forms in the 
gate electrode 16 ( drawing 2 (d)). Thereby, the field emission mold cold cathode (cathode panel) of 
FED using the CNT film is completed. 

[0048] By the way, when the CNT film 12 serves as concave convex in drawing 2 (a) or many 
clearances between CNT(s) exist, the following problems may occur at the spin coat process shown 
in drawing 2 (b). That is, if the fi-ont face of gate dielectric film 13 is formed in concave convex, the 
insulator layer liquid ingredient by which spin coating is carried out cannot be prolonged in 
homogeneity, but the thickness of the gate dielectric film 13 at the time of completion will become 
an ununiformity. Moreover, surface irregularity and the clearance between CNT(s) will be covered 
with air bubbles 36, it will be spread in an insulator layer liquid ingredient, and the gate dielectric 
film 13 containing air bubbles 36 will be formed. In this case, a good insulating property will be 
spoiled and a mechanical strength will also fall. 

[0049] Moreover, although reinforcement of the CNT film 12 cannot fully be secured if an organic 
binder is not contained in case the CNT film 12 is formed on a conductive layer 11, there is a 
possibility that the degree of vacuum in FED after completion may be spoiled in that case by the gas 
emitted from an organic binder. Furthermore, since the organic binder component which sinks into 
the CNT film is burned down and it does not remain as a membrane component with baking in case 
the CNT film is fixed on a glass substrate by giving baking, CNT film 12 front face irregularity-izes 
by the volume decrease by this, or the problem of a clearance occurring between CNT(s) occurs, and 
formation of the flatness-like CNT fihn becomes difficult. 

[0050] The cross-section structure of FED is shown more in a detail at drawmg-i . FED has a 
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conductive layer 1 1 (cathode electrode) and the CNT film 12 as a source of electron emission on a 
glass substrate 10 at this order. The gate electrode 16 is formed in the CNT film 12 upper part 
through gate dielectric film 13 with a thickness of about 20 micrometers. The gate opening 17 
penetrated in the shape of a cylinder is formed in the gate electrode 16 and gate dielectric film 13 at 
5ie predetermined etching process, CNT 12a which carried out erection orientation exists in CNT 
fihn 12 front face in gate opening 17 base, and an electron is emitted to it firom this CNT 12a. Here, 
"erection orientation" shows the condition that orientation of the part for the point of CNT12a in the 
CNT fihn 12 was carried out at the include angle of 50 or less degrees to the normal in a glass 
substrate 10. . . 

[0051] Here, when the large drop impurity 14 mixed in the generate time of CNT is in the CM 1 tilm 
12, the following problems arise. In having the particle size to which this large drop impurity 14 
exceeds several micrometers, it causes the shape-ization of toothing of CNT film 12 fi-ont face. 
When the shape of this toothing appears in the gate opening 17, potential distribution of CNT film 12 
fi-ont face will be distorted. 

[0052] For example, when the electrical potential difference of IkV is impressed to the anode 
electrode (refer to drawing 16 ) prepared on 0 V and the gate electrodes 16 at the emitter (12) which 
contains 30V and a conductive layer 1 1 in the gate electrode 16, respectively, the equipotential 
surface 18 occurs that it seems that it is shown in drawing J: . In this case, on CNT film 12 front face 
on which the large drop impurity 14 exists in a fi-ont face, the equipotential surface 18 is distorted 

5o53]| In the left end side in the gate opening 17 in drawing 4 , since the large drop impurity 14 
exists gate dielectric film 13 becomes thin, or the phenomenon which electric field concentrate 
unusually with the protrusion configuration of the large drop impurity 14 will generate only the part, 
and the dielectiic strength between the gate electrode 16 and a conductive layer 1 1 will fall. 
Moreover, with structure by which the gate electrode 16 was lifted under the effect of the large drop 
impurity 14, the distance of the gate electrode 16 and CNT12a of erection orientation separates 
beyond the need, electron emission becomes difficult, and the problem that the electronic locus 19 is 
distorted arises. Although carrying out electron emission to homogeneity from each electron 
emission structure is expected in FED, homogeneity will be lost when the large drop impunty 14 
exists. 

[0054] Next, the arc discharge equipment for generating CNT of the CNT film concerning this 
example of an operation gestalt which cancels the above-mentioned trouble is explained. Drawing 5 
is the sectional view showing this arc discharge equipment. 

[0055] Arc discharge equipment 20 is equipped with the wrap box 22 for the outside of the vacuum 
chamber 21 which accomplishes the shielding plate by which water cooling is carried out, and the 
vacuum chamber 21. The vacuum chamber 21 consists of rectangle-Uke top-plate 21a and bottom 
plate 21c which counter mutually, and four side plate 21b to which a vertical edge is joined each side 
of top-plate 21a and bottom plate 21c, respectively in the shape of an abbreviation cube. In addition, 
the vacuum chamber 21 may be constituted not only the shape of an abbreviation cube but m the 
shape of a cylindrical shape. 

[0056] Fitting of the discharge electrodes 30a and 30b which clamped each back end section of 
carbon rods 29a and 29b which made the point project to a way is carried out to 21d of holes which 
peneti-ate a part of side plate 21b of the vacuum chamber 21, and the hole 26 formed in the side face 
of the box 22 corresponding to 21d of each hole among the vacuum chambers 21. The predetermined 
catalyst metal contains carbon rods 29a and 29b, and after each point opened a predetermined 
distance and has countered, they are held. The sealing member 27 is inserted in between discharge 
electrodes 30a and 30b and hole 27 inner skin, and, thereby, the method of the inside of a box 22 is 
intercepted with atmospheric air. Discharge electrodes 30a and 30b are connected to the arc 
discharge power source 32 of a square wave method through lead wire 31, respectively. 
[0057] Next, the method of generating CNT using arc discharge equipment 20 is explained 
concretely. Drawing 6 is a flow chart which shows this generating method. First, at step S 11, the 
inside of the vacuum chamber 21 is exhausted, and after holding to the pressure of -1 or less Pa, 
helium (helium) gas is introduced in the 1x10 vacuum chamber 21, and it holds in pressure of 
6.7x1 05Pa. Furthermore, a square wave is impressed to discharge electrodes 30a and 30b fi-om the 
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arc discharge power source 32 under this pressure, and arc discharge is generated between each point 
of carbon rods 29a and 29b. In this case, the convection current by heHum gas has arisen within the 
vacuum chamber 21. 

[0058] If each tip of carbon rods 29a and 29b is heated by the elevated temperature by arc discharge, 
carbon rod 29a and own carbon of 29b and the metal impurity (catalyst metal) which carries out 
minute amount content at carbon rods 29a and 29b will sublimate, and it will ride on the convection 
current by helium gas, and will soar in the shape of smoke depending on the method of the inside of 
the vacuum chamber 21. That is, the compound and mixture of CNT, various carbon system 
particles, and the carbon and the below-mentioned particle-hke impurity are generated by 
sublimation by arc discharge and the sublimated gas molecule colliding, and heUum molecule 
quenching it, and crystallizing. Moreover, the content of a metal impurity is a weight ratio at the time 
of making carbon into 100%, nickel (nickel) is 5% and an yttrium (Y) is 5%. 
[0059] If smoke-like CNT etc. reaches vacuum chamber 21 inside, it will fix to each of top-plate 
21a, side plate 21b, and bottom plate 21c in the shape of soot, and will deposit on it. under the 
present circumstances, it is alike, and in top-plate 21a, side plate 21b, and bottom plate 21c, the class 
and configuration of a crystal to deposit are alike, respectively, and differ from each other. At step 
SI 2, the generation powder (it is hereafter called a top-plate deposit) deposited on top-plate 21a in 
the vacuum chamber 21 and the generation powder (it is hereafter called a side plate deposit) 
deposited on side plate 21b are collected. In this case, the generation powder (it is hereafter called a 
bottom plate deposit) deposited on bottom plate 21c is discarded, without using it, even if it collects. 
[0060] For example, if it is made to discharge for 10 minutes by the arc discharge method, a 1 in allg 
deposit is [ a top-plate deposit and a side plate deposit ] recoverable. The weight ratio of a top-plate 
deposit and a side plate deposit is about 30:70 in many cases. At step S13, the mixed powder with 
which the top-plate deposit and the side plate deposit were mixed by the weight ratio of the 30:70th 
grade is produced. This mixed processing is mixed by dry type using a mixed mixer. Moreover, if 
the distance between carbon rod 29a and 29b is adjusted so that a Ig deposit may be obtained in 15 
minutes, the weight ratio of a top-plate deposit and a side plate deposit will be made to 40:60. 
[0061] Subsequently, step S14 generates mixed liquor by the weight ratio of mixed powder Methanol 
200. That is, 200g of ethanol is prepared to Ig of mixed powder, and mixed powder is mixed into 
this ethanol. In this case, although powder does not dissolve, since it is a very detailed particle, it 
distributes to homogeneity mostly in ethanol. 

[0062] Furthermore, at step SI 5, the CNT film 12 is formed using the mixed powder produced at 
step SI 3. Here, organic binders, such as an acrylic, can be mixed, and film reinforcement can be 
raised, or an organic binder can raise deposit efficiency with a glass substrate 10. Moreover, even 
when not using an organic binder at all, it is possible to fix to a substrate by the intermolecular force 
of CNT and a particle-like impurity. Even when it is not the case where there is an organic binder by 
increasing surface area by giving irregularity on the surface of a substrate, either, the deposit 
efficiency can be raised. 

[0063] Drawing 7 is drawing showing the typical configuration of the generation powder deposited 
on each of the top plate in a vacuum chamber, a side plate, and a bottom plate, in (a), (b) shows a 
side plate deposit and (c) shows a bottom plate deposit for a top-plate deposit, respectively. 
[0064] As shown in drawing 7 (a), in a top-plate deposit, particle-hke impurity 12c which has the 
configuration where the carbon network of child association of a tortoise enclosed the surroundings 
of a metal particle is observed. CNT 12a of a monolayer has grown fi-om this particle-like impurity 
12c. CNT 12a is long and slender like the hair of hair, and it changed it into the bundle condition that 
two or more were bundled, in many cases, and it may have grown two or more. In a top-plate 
deposit, particle-like impurity 12e which fixes to CNT12a, and 12d of particle-like impurities in the 
distant location and CNT12a is also observed. Here, ethanol was added to the top-plate deposit, the 
drop was carried out to glass, and it observed with the electron microscope. The abundance of 
CNT 12a in that case and a particle-like impurity was about 80:20 in surface ratio. 
[0065] As shown in drawing 7 (b), although the side plate deposit was the same as a top-plate 
deposit almost in contents, at a side plate deposit, there was little abundance of CNT 12a as compared 
with a top-plate deposit, and it was about 0.5% of the whole in surface ratio. 

[0066] As shown in drawing 7 (c), in addition to the class of deposit [ in / in a bottom plate deposit / 
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the above-mentioned top-plate deposit and a side plate deposit ], the large drop impurity 14 which 
has the particle size of several micrometers or more was observed. 

[0067] Drawing 8 is drawing showing typically the expansion configuration of the CNT fibn formed 
with the CNT film formation process in step SI 5 of drawing 6 , and in (b), when (a) uses it, having 
mixed 30% of top-plate deposits, and 70% of side plate deposits when a top-plate deposit was used 
100%, (c) shows the case where a side plate deposit is used 100%, respectively. 
[0068] Here, the following results were obtained when the mixed weight ratio of a top-plate deposit 
and a side plate deposit and the surface ratio at the time of observing the cross section of a CNT 
layer with an electron microscope were measured. That is, ** top-plate deposit : When the weight 
ratio of a side plate deposit is 0:100 and the weight ratio of 0.5:99.5 and a ** top-plate deposit:side 
plate deposit of the surface ratio of a CNT:particle-like impurity is 10:90, CNT : When the weight 
ratio of 10:90 and a ** top-plate deposit:side plate deposit of the surface ratio of a particle-like 
impurity is 30:70, CNT: When the weight ratio of 25:75 and a ** top-plate deposit :side plate deposit 
of the surface ratio of a particle-Hke impurity was 50:50, and the weight ratio of 40:60 and a ** top- 
plate deposit:side plate deposit of the surface ratio of a CNT:particle-like impurity was 100:0, the 
surface ratio of a CNT:particle-like impurity was 80:20. 

[0069] By the way, when CNT in observation [ with a particle-like impurity with a diameter of an 
average of 30nm ] under an electron microscope and the surface ratio of a particle-like impurity were 
40:60, it turned out that there is a volume ratio about by 2:98. Moreover, in the case of 0.5:99.5, a 
volume ratio is set to 1x10-7:1. When the volume ratio VR of CNT and a particle-like impurity set to 
S(CNT) nm2 and S(NP) mn2 area of the CNT and the particle-like impurity which were photoed 
under the electron microscope (visual field 1 .2xl.0micrometer2), respectively, it turned out that it is 
proportional to the average diameters Dn run and S of CNT (CNT), and in inverse proportion to the 
1 .5th power of S (NP). That is, VR= multiplier xDnxS(CNT)/S(NP)l .5 (however, a multiplier = 
102) 

It comes out. Therefore, if by calculating using an upper type shows the average size of CNT, it is 
convertible into a volume ratio. 

[0070] As for the CNT film conceming this example of an operation gestalt, it is desirable to set the 
surface ratio of the CNT and the particle-like impurity in a cross section and a surface structure as 
the range of 0.5:99.5-40:60. In this case, while being able to secure mechanical film reinforcement, 
without being dependent only on an organic binder by setting the surface ratio of CNT and a 
particle-like impurity as the range of 0.5:99.5-40:60, and embedding the clearance between CNT(s), 
the flat configuration where air bubbles are not held in the film is acquired simple. Moreover, it 
becomes possible to aboHsh the complicated CNT purification process that impurities other than a 
nanotube are removed beyond the need, and degradation of the electron emission characteristic by 
the diameter increase of a bundle can be mitigated. 

[0071] As shown in drawing 8 (a), when a top-plate deposit is used 100%, since there are many rates 
of CNT relatively, more CNT(s) carry out erection orientation perpendicularly fi-om a conductive 
layer 1 1 to a particle-like impurity (CNT 12a). Moreover, in the film, CNT 12b which changed into 
the orientation condition of falling sideways, and CNT(s) adhere, and CNT which the diameter of a 
bundle increased is also observed. Here, "falling sideways" means the condition of having fallen 
along with the glass substrate 10 (referring to drawing 1 ). Since it is the easiest to carry out electric- 
field concentration of the posture of erection orientation and functions good as a source of electron 
emission when it constitutes an emitter as a source of electron emission which used CNT, it is 
important how there is much CNT12a of erection orientation. A shows the average thickness of the 
CNT film 12. 

[0072] Although there is little CNT12a of erection orientation a Httle as compared with drawing ^ (a) 
when it is used having mixed 30% of top-plate deposits, and 70% of side plate deposits, as shown in 
drawing 8 (b), most CNT(s) which adhered are not seen. Moreover, the configuration where particle- 
like impurity 12e and 12d adhered is shown in the surroundings of CNT. 
[0073] As shown in drawing 8 (c), when a side plate deposit is used 100%, there is very little 
CNT 12a of erection orientation, and the particle-like impurities 12c, 12d, and 12e are increasing 
conversely. 

[0074] in order not to perform the complicated purification process of CNT in this invention as 
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compared with the conventional technique -- purification - in process or bundle-ization of CNT at 
the time of film formation can be controlled. Moreover, contact during Contiguity CNT can be 
lessened by controlling positively the amount of mixing of the particle-like impurity mixed m the 
CNT manufacture process eliminated as a conventionally unnecessary structure by this invention, 
and bundle-ization can be controlled. That is, degradation of the emission property by the diameter 
increase of a bundle is mitigable. 

[0075] As shown in drawing 8 (a), to CNT, since it is relatively few, CNT(s) tend to adhere [ the 
particle-like impurities 12e and 12d which surround CNT ], and, specifically, the diameter of a 
bundle tends to increase. However, in drawing 8 (b), since the particle-Hke impurity which surround 
CNT exists moderately, a particle-like impurity becomes a failure and adjoining CNT cannot contact 
easily. Therefore, increase of the diameter of a bundle is controlled. 

[0076] Furthermore, spacing (consistency) of the CNT point which exists in a CNT film fi-ont face is 
controllable by controlling the mixing ratio of CNT and a particle-like impurity to a desired value. 
Conventionally, impurities other than a nanotube were eliminated at the purification process used 
before emitter formation. Although this is effective when realizing high grade-ization of a nanotube, 
the rate of the nanotube occupied to the unit area of a nanotube film front face increases, and spacing 
of the adjoining nanotube point becomes dense. Spacing of the contiguity CNT which projects on a 
CNT fihn fi-ont face through a purification process is set to about 1 micrometer or less. On the other 
hand, when a particle-like impurity is blended into CNT, at drawing 8 (a), the spacing is set to 2 
micrometers and drawing 8 (b) sets it 20 micrometers by 4 micrometers and drawing 8 (c). 
[0077] Drawing 9 is drawing showing the condition at the time of measuring the electron emission 
characteristic at the time of using for an emitter the CNT film obtained by the manufacture approach 
concerning this invention with a fluorescent screen 33. At the time of this measurement, the distance 
L2 between the conductive layer 1 1 (cathode electrode) located in the lower part of the CNT fihn 12 
of thickness LI and the fluorescent screen 33 which counters was set as 1mm, and the forward 
electrical potential difference was impressed to the fluorescent screen 33 for the negative electrical 
potential difference fi-om the power source 37 in the vacuum at the conductive layer 11, respectively. 
In this case, the electron was emitted like a locus 35 fi-om CNT 12a of erection orientation. The 
current which flows between a fluorescent screen 33 and a conductive layer 1 1 was measured with 

the ammeter 36. , • i j j 

[0078] Drawing 10 is the graphical representation showing the correlation of the electric field and 
current density for which it asked by measurement of drawing 9 . The result of a graph was searched 
for fi-om the distance L2 and electric-field apphed voltage between a fluorescent screen 33 and a 
conductive layer 1 1 . It asked for current density by making area of the CNT film 12 into emitter area 
by breaking by this area the current acquired with the ammeter 36. 

[0079] In drawing 10 , Graph C showed the result of having used the CNT fihn 12 which formed the 
result of having used the CNT film 12 of 100% of side plate deposits which do not include the result 
of having used the CNT film 12 12 which set the mixed weight ratio of a top-plate deposit and a side 
plate deposit to 30:70, i.e., the CNT fihn of 30% of top-plate ratios, for Graph A and a top-plate 
deposit, using Graph B and 100% of top-plate deposits, respectively. As a result of measurement. 
Graph A emitted the electron by the lowest electric field, and the electron of the highest current 
density was emitted by the same electric field. The electric fields from which the current density of 2 
mA/cm2 is obtained about each CNT film 12 of graph A-C were 1.5v [ micrometer ] /, 2v 
[ micrometer ] /, and 2.7v/micrometer, respectively. 

[0080] Drawing 1 1 is a graph which shows the mixed ratio dependency at the time of measuring a 
top-plate deposit ratio by unit 10%. In a graph, it turns out that 1.5mA /of electron emission of 2 is 
obtained cm, and 2.7v [/micrometer ] elecfa-on emission electric field with the highest time of being 
100% of top-plate deposit ratios when the time of 30% of top-plate deposit ratios is the lowest are 
acquired. For example, the current density of 2 mA/cm2 is a value from which the brightness of 700 
cd/m2 is obtained, when the high pressure of 5kV is impressed [ 33 ] usingPfluorescent screen 22 
fluorescent substance (that is, ZnSrCu, aluminum). This has slight drive electric field, although a 
screen bright enough called 700 cd/m2 is obtained by FED, or it means a certain thing enough by 
micrometer in 1.5v /in it. 

[0081] As shown in drawing 8 (a), the particle-like impurities 12e and 12d which surround CNT 
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depend the above-mentioned result which electron emission electric field went up by drawing 1 1 
when the CNT film 12 of 100% of top-plate deposits was used to CNT on that CNT(s) are easy to 
adhere since it is relatively few, and it is easy to increase the diameter of a bundle, and the distance 
between CNT(s) projected from the CNT film front face being short. Although a particle-like 
impurity plays the role which confrols increase of the diameter of a bundle by the adhesion dunng 
Contiguity CNT, since that operation is small in this case, CNT(s) or CNT bundles adhere locally 
and it increases the diameter of a bundle as a result. Although electron emission electric field 
become so low that the diameter of a bundle is so small that electric-field degree of concentration is 
high, in order to act in the direction which increases the diameter of a bundle, with the compounding 
ratio'of a CNT and a particle-like impurity here, electron emission electric field become high. 
[0082] Moreover, when the purity of CNT is raised by raising the mixed rate of a top-plate deposit, 
or refining CNT after manufacture, the consistency of CNT which exists in a CNT film front face 
increases. Therefore, the distance between CNT(s) projected from the CNT film front face becomes 
short. For example, spacing of the contiguity CNT projected on the CNT film front face shown in 
drawin g 8 (a) becomes less than [ it ] by the CNT film refined by about 2 micrometers as point ** 
was carried out. 

[0083] Thus, if the distance during Contiguity CNT becomes short, electric-field concentration will 
stop being able to happen at a CNT tip or the tip of a bundle easily. Since CNT is the matter in which 
a metal or the conduction like a semi-conductor is shown, external electric field take elecfric-field 
distribution which crawls on the front face, without permeating into CNT. For example, since it is 
distributed so that electric field may cover a sharp CNT point from a substrate front face when one 
CNT is isolated and erection orientation is being carried out on the substrate, electric-field 
concentration of a CNT point becomes large. However, since electric field are covered by each CNT 
when two or more CNT(s) have arranged densely, the electric-field concentration by the CNT point 
becomes smaller than the case of one isolated CNT. The depressor effect of such electric-field 
concentration becomes so large that the distance during Contiguity CNT becomes small. 
[0084] this invention persons calculated the distance dependency between the contiguity CNT of 
field emission electric field, in order to investigate the depressor effect of the above electric-field 
concentration in a detail further. Specifically the number of CNT(s) was made to increase into fixed 
area (it is about the distance during Contiguity CNT), the electric-field distribution and electric-field 
degree of concentration near [ at that time ] the CNT tip were calculated, and field emission electric 
field were computed. In addition, the height of arranged CNT set the path of 1 micrometer and CNT 
(bundle) to 20nm. Consequently, field emission electric field showed the inclination to fall, while 
making distance during Contiguity CNT small from infinity to 2.4 micrometers. This is because the 
electron emission point (CNT) increased simply. However, when the distance during Contiguity 
CNT was set to 2.4 micrometers or less, the electric-field degree of concentration of each CNT 
decreased conversely, and the inclination which field emission electric field increase was shown. 
This result means degrading a property conversely, even if it arranges CNT densely too much. 
[0085] On the other hand, the factor in which electron emission electric field go up with 30% or less 
of top-plate deposits in drawing 1 1 is for CNT which contributes to electron emission to decrease 
substantially, as suggested also from a count result. 

[0086] As mentioned above, the top-plate deposit ratio of conditions for CNT not to adhere [ not to 
receive the depressor effect of electric-field concentration, even if it makes the consistency of CNT 
increase, and ] was 50% or less. The distance between CNT(s) [% / 50 ] at the time is about 2.5 
micrometers, and is a compounding ratio equivalent to the threshold at the time of the depressor 
effect of the above-mentioned electric-field concentration working. 

[0087] However, if a top-plate deposit ratio becomes small too much, while field emission electric 
field will become large, current stability and homogeneity deteriorate. This is because the electron 
emission point per unit area decreases and fluctuation of the emission current from each CNT is not 
equalized statistically, when the number of CNT(s) decreases substantially. It was a time of a top- 
plate deposit ratio being 10% or more that the emission current can recognize it as stable enough 
with a naked eye. 

[0088] Therefore, from a viewpoint of electron emission, 10% or more of a top-plate deposit ratio is 
desirable, and is more desirable. [ 10% or more and 50% or less of] Moreover, when it puts in 
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another way by the CNT surface ratio occupied to the gross area of CNT and a particle-like impurity, 
about 10% or more of CNT content is desirable, and is more desirable. [ 10% or more and 40% or 

[0089] As shown in drawing 12 , when the CNT film 12 deposited on the glass substrate 10 was 
sliced in the configuration whose thickness F is 0.5 micrometers and visual observation was earned 
out toward a back side from the near side of this drawing, the filling factor of the CNT fihn 12 was 
measured by what clearance is seen. When a clearance cannot be seen, in the case of a clearance, it is 
altogether made into 0% of filling factors 1 00% of filling factors. 

[0090] Drawing 13 is the graphical representation showing the relation between the ratio of a top- 
plate deposit, and a filling factor. On the occasion of evaluation of the filling factor of the CNT fihn, 
0% of filling factors is not possible in fact. When the CNT film 12 is created only using a side plate 
deposit so that a graph may show (0% of top-plate deposit ratios), the very high result of 95% of 
filling factors is obtained. This means that the filling factor increased, when the particle-like impunty 
near a globular form trespasses upon the clearance between CNT(s) to distribute. On the contrary, 
when the weight ratio of a top-plate deposit is raised, the abundance of CNT increases, CNT will 
twine mutually and a clearance will increase. That is, if a filling factor is high, since irregularity will 
become few good things as CNT fihn 12, it is suitable in case gate dielectric film 13 and the gate 
electrode 16 (or grid electrode) are arranged on the CNT film 12. Conversely, when a filling factor is 
low, it leads also to the cause which air bubbles generate in an insulator layer 13. In the viewpoint 
that'the CNT film 12 with a high fiUing factor is good, it is so good that the ratio of a side plate 

deposit is high. . , j 

[0091] Although the filling factor was specifically 80% when the mixed ratio of a top-plate deposit 
was 30%, this is the practically most desirable value. Moreover, when a filling factor is smaller than 
70% (i.e.^ when a top-plate deposit ratio is larger than 50%), in case an insulating layer is formed in 
the CNT film upper layer, it is easy to generate air bubbles, and irregularity occurs after film 
formation, or there is fear of generating of abnormality electron emission. Therefore, in case 
structure is formed on the CNT film and field emission mold cold cathode is formed, it is desirable 
for the filling factor of a particle-like impurity to control to 70% or more 50% or less, i.e., a top-plate 
deposit ratio. In this case, it is stable and the effectiveness [ insulating layer / excellent in the 
insulating property ] that it can form on the CNT film is acquired. When the optimal conditions (10% 
or more of top-plate deposit content ratios, 50% or less) for the field emission described previously 
are taken into consideration, as for the conditions which can hold the good electron emission 
characteristic and can form field emission mold cold cathode, it turns out that a top-plate deposit 
ratio is 50% or less 10% or more. 

[0092] Next, with reference to drawing 2 and drawing 4 , the example of this example of an 
operation gestalt is explained. CNT-FED is formed by this example. That is, if the CNT film of this 
invention is used, the effectiveness that air bubbles cannot go into gate dielectric fihn 13 easily will 
be acquired according to that the irregularity of CNT fihn 12 firont face is controlled, and there being 
few clearances which they are between CNT(s). 

[0093] By this example, as shown in drawing 2 , gate dielectric fihn 13 was set as the thickness of 5 
micrometers, and CNT-FED was formed. In order to make gate dielectric film 13 into the thinness of 
5 micrometers, the mixed ratio of a top-plate deposit was made 50% or less. This is conditions fi-om 
which a filling factor becomes 70% or more, as shown previously. 

[0094] On the other hand, if a mixing ratio is made 50% or more, surface irregularity and the 
clearance in the film increase and dielectric strength sufficient in the gate insulating layer which is 5 
micrometers cannot be secured. In this case, thickness at least 1 5 micrometers or more is required to 
form the insulating layer which has sufficient withstand voltage. On the other hand, if a mixing ratio 
is made 50% or less, a particle-like impurity will take up the clearance in the film, it will be hard to 
generate air bubbles, and it will become possible to form a uniform and thin good insulating layer. 
[0095] Thin-film-izing of gate dielectric fihn 13 makes the applied voltage between the gate 
electrode 16 and emitter 12b (drive electrical potential difference) low-battery-ize. For example, 
when the thickness of gate dielectric film 13 is reduced 25% fi-om 20 micrometers to 5 micrometers, 
applied voltage will be good on the electrical potential difference of a 25% decrease. Therefore, the 
above-mentioned conditions (50% or less of rates [ The mixing ratio of a top-plate deposit ]) in 
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which thin-film-izing of an insulating layer is possible are effective also in low-battery actuation. 
[0096] the applied voltage of 1 .5v/micrometerx5micrometer=7.5V is required of FED which adopted 
the CNT film of a mixing ratio 30:70, using the gate dielectric film of 5-micrometer thickness so that 
clearly also from drawing 1111 receiving - the mixing ratio of 0:100 - the applied voltage of 
2 Ov/micrometerx5micrometer=10V is required of FED which adopted the rate. Furthermore, 
although not illustrated to drawing 1 1 , when refined CNT is used (on the right of 100% of ratios of 
drawing 1 1 ), electron emission electric field are 2.8v/micrometer, and the applied voltage at that 
time is set to'2.8v/micrometerx5micrometer=14V. Therefore, when insulating layer membrane 
thickness is 5 micrometers, it becomes possible to make a component drive with the low applied 
voltage not more than lOV by micrometer in 2v /or less of electron emission electric field. 
[0097] However, like CNT after purification, if electron emission electric field become larger 
2v /than micrometer, it becomes impossible to become larger applied voltage than lOV, and to use 
the drive driver for low-price liquid crystal, and it will be necessary to develop a new drive driver. 
Thereby, a driver price becomes high and the price as a module of the display containing a driver 
becomes high. Therefore, electron emission electric field have desirable micrometer in 2v /or less. 
Moreover, since it is easy to produce the insulation deterioration in an insulator layer while driving 
in this case for a long time, 5 micrometers or more of thickness are desirable, although the drive not 
more than lOV is attained by using gate dielectric film thinner than 5 micrometers also by 2v 
[/micrometer ] or more field emission electric field. 

[0098] From the above result, 0% or more and 50% or less of top-plate deposit ratio within the limits 
of the presentation of the CNT film optimal as FED is desirable. Moreover, when taking problems, 
such as adhesion of CNT(s), into consideration, 10% or more and 50% or less of top-plate deposit 
ratio within the limits is desirable. When these conditions are put in another way by the CNT surface 
ratio occupied to the gross area of CNT and a particle-like impurity, 0.5% or more and 40% or less 
of CNT content is desirable, and is more desirable. [ 10% or more and 40% or less of] 
[0099] Next, the example of the 2nd operation gestalt concerning this invention is explained. 
Drawing 14 is the sectional view showing the membrane formation process in this example of an 
operation gestalt. In this example of an operation gestalt, the CNT film 12 is divided into the three- 
stage of 1st layer 12A, 2nd layer 12B, and 3rd layer 12C in the thickness direction. 
[0100] In order that the CNT film 12 may contain CNT12a and a particle-Hke impurity and may 
raise increase of the mechanical strength, and an adhesion property with a glass substrate 10, organic 
cementitious materials, such as an acrylic, and a nitrocellulose, polyimide resin, can be infiltrated. 
Here, the reason using an organic binder is because patterning of the CNT film becomes easy so that 
it may mention later with the ability to calcinate in a low-temperature process (300 or less degrees). 
In view of this point, that presentation ratio is adjusted every three parts of the CNT film 12 in this 
example of an operation gestalt. 

[0101] The ratio into which CNT 12a of erection orientation increases was adopted as 1st layer 12A 
which consfitutes an electron emission side. In 2nd layer 12B, the particle-like impurity adopted 
many presentation ratios to which the filling factor of the CNT film 12 becomes high. In 3rd layer 
12C, many adhesion properties to a glass substrate 10 were more excellent, and the acrylic adopted 
the presentation ratio whose filling factor of the CNT film 12 improves more. 

[0102] concrete - the shape of a CNT:particle ~ the presentation ratio of an impurityiacrylic - at 1st 
layer 12 A, in 2nd layer 12B, it can be set as the ratio of 5:80:15, and can be set as the ratio of 
20:80:0 by 3rd layer 12C at the ratio of 1 :29:70, respectively. 

[0103] moreover, in case it produces applying the CNT film 12 by the spray In initial spreading 
which prepares three kinds of spreading solutions and is equivalent to 3rd layer 12C The ingredient 
of the 3rd ratio pattern of 1:29:70 is applied to 0.2-micrometer thickness, the ingredient of the 2nd 
ratio pattern of 5:80:15 is applied by 1 -micrometer thickness after the desiccation, and the ingredient 
of the 1st ratio pattern of 20:80:0 is applied to the thickness of 0.5 micrometers as it is, without 
drying this. 

[0104] In addition, it is for mitigating the increment in the work function by adhesion of the binder 
component to horizontal and the CNT fi-ont face of the erection orientation CNT on the front face 
of the film by the surface tension of a binder that the upper layer is decreasing the amount of mixing 
of a binder. Thus, the content of CNT is as high as the upper layer, and the CNT film with the strong 
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fixing force can be formed, without degrading the electron emission characteristic because a lower 
layer designs the content of ingredients other than CNT highly. 

[0105] Moreover, in order to carry out the spray coating cloth of each ingredient of the above- 
mentioned presentation ratio good, ethanol is added, but since ethanol evaporates immediately after 
spreading, it does not take into consideration as a presentation ratio. In this example of an operation 
gestalt, an acrylic component is also made to remain as it is as a membranous structure, and forms 
the FED panel. 

[0106] Next, the example of the 3rd operation gestalt concerning this invention is explained. 
Drawin g 15 is the sectional view showing the condition of carrying out patterning of the CNT film. 
In this example of an operation gestalt, the front face of the part in the CNT film 12 which should be 
made to remain is covered with the mask material 35, and the part 36 which should be removed is 
removed by making it dissolve with an acetone etc. In that case, an acrylic is dissolved although 
CNT and a particle-like impurity do not dissolve with an acetone. 

[0107] Therefore, patterning of the CNT film can be performed by using the above-mentioned 
approach. In this case, patteming can be carried out by making the die length of Content CNT 
shorter than the clearance distance removed by patteming, without causing the fault that CNT which 
remained is constructing a bridge and cannot dissociate. 

[0108] When CNT is longer than clearance distance, CNT which is in the bridge formation condition 
temporarily can be removed by grinding the clearance part mechanically so that CNT may not be 
constructing a bridge. In this case, since the binder supporting CNT dissolved with the acetone and 
reinforcement has fallen, bridge formation CNT is removed simply. There is also a method of 
energizing between contiguity patterns and making the root of bridge formation CNT melt after 
patteming as an approach of removing bridge formation CNT. 

[0109] If there is no bridge formation CNT, in the scene where between contiguity patterns is an 
insulation, the current by having carried out electrical-potential-difference impression will flow 
through bridge formation CNT between contiguity patterns. It discovered that the root which is the 
boundary part of bridge formation CNT and the CNT film could generate heat and melt into a thin 
CNT part because a current flows. Thus, when bridge formation CNT remains between contiguity 
wiring originally insulated, the approach of energization removal can be appUed. 
[0110] The CNT:particle-Hke impurity explained by drawing 14 : If it is set as the presentation ratio 
of an acrylic, 70% and the acrylic into which it sank by a unit of 15% will dissolve in 2nd layer 12B 
and 3rd layer 12C, respectively. That is, etching removal of the whole can be carried out from the 
inferior-surface-of-tongue part of the CNT film 12 with an acetone. Thus, if it is set as the above- 
mentioned presentation ratio, since it will be prepared by the ratio suitable for patteming, patteming 
of the CNT film becomes possible about patteming also by the dry etching using not the above- 
mentioned wet etching but the plasma method (oxygen plasma treatment), the milling method, etc. 
[01 1 1] For example, if the plasma method is used, by covering a residual part by mask material and 
exposing into the plasma like the case of drawing 15 , the above-mentioned acrylic is made burned 
down and patteming can be carried out. Since CNT 12a and a particle-like impurity are bumed down 
together with organic binders, such as an acrylic, in the oxygen plasma, the component after removal 
does not carry out the reattachment of them to a glass substrate 10. 

[0112] In this case, a larger (quick) thing at least than that of CNT has the desirable etching rate of a 
cementitious material (another cementitious material). For example, when the binder which uses 
inorganic materials, such as SOG and water glass, as a principal component is used, since they are 
hardly etched to the oxygen plasma, it becomes difficult to perform patteming. Moreover, since 
etching of only CNT advances preferentially when the etching rate of a cementitious material is 
smaller than that of CNT, before CNT12A under the mask material 35 and its lower layer CNT form 
the etching field 36, it will be bumed down by the oxygen plasma. Therefore, even if it impresses 
electric field on the CNT film by which patteming was carried out, sufficient emission current 
cannot be acquired. 

[0113] However, since a binder is preferentially etched when larger (quick) at least than that of CNT, 
the etching rate of a cementitious material depends only on the etching rate of CNT for the time 
amount which forms the etching field 36. Therefore, etching time can be suppressed to the minimum 
and etching of the CNT layer under the mask material 35 can be mitigated. Moreover, by using the 
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binder of an organic system for a binder also in the milling method, the etching rate of a 
cementitious material becomes larger than that of CNT, and the above-mentioned effectiveness is 
acquired. Such operation effectiveness can be similarly acquired, when the particle-like impurity 
which is a larger ingredient than the etching rate of CNT is used as a cementitious material. 
[01 14] As mentioned above, the manufacture approach concerning this example of an operation 
gestalt constitutes the cementitious material and/or another cementitious material which consist of a 
particle-like impurity from a larger ingredient than the etching rate of CNT 12a, and carries out 
patterning of the CNT film 12. That is, by this manufacture approach, since a cementitious material 
and/or another cementitious material can be vanished to the etching gas used by the plasma method 
or the milling method using the cementitious material which has a bigger etching rate at least than 
the etching rate of CNT12a eariier than CNT12a, coincidence, or CNT12a, the removal process of 
the CNT film 12 becomes very simple, and patterning of the CNT film 12 can be performed, without 
degrading the electron emission characteristic. Furthermore, in case CNT 12a of a desired field is 
made to remain and CNT film 12 other than this field is removed, after a process can make the CNT 
film 12 fix strongly to a glass substrate 10 by making cementitious materials (another cementitious 
material), such as a particle-like impurity (cementitious material) in the field made to remain, and/or 
an acrylic, remain. 

[01 15] By the way, in the CNT film 12, metallic impurity, such as nickel which the carbon rod was 
made to contain, exists in a CNT generate time. Since this metallic impurity oxidizes and remains 
into the above-mentioned removal part 36 as an insulating material, it is that it is insulated 
electrically and does not have a function top problem. What is necessary is just to carry out wet 
etching using an acidic solution, in case this metallic impurity is removed. In that case, since the 
carbon which enclosed the metal impurity is already bumed down, it can etch easily. 
[0116] Moreover, a particle-like impurity can also be added later. For example, the CNT film 
equipped with the same fimction as the CNT film 12 containing the particle-like impurity in each 
above-mentioned example of an operation gestalt also by adding the impurity which changes from 
carbon 500mn or less to CNT which removed and refined the particle-like impurity after 
manufacturing CNT, a metal particle and a non-subtlety particle, and an organic particle can be 
formed. In this case, the particle to which particle size was equal from the particle-like impurity 
generated by coincidence at the time of CNT manufacture can be made to mix, and the 
controllability of a compounding ratio also becomes good. In addition, problems, such as adhesion of 
CNT, are avoidable because refined CNT adds and fully distributes a particle under the effect of 
adhesion etc., although it is unsuitable from a viewpoint of electron emission. 
[01 17] As mentioned above, according to each above-mentioned example of an operation gestalt, 
when the CNT film 12 contains the particle-like impurities 12c-12e with CNT 12a, the CNT film 12 
can be formed precisely, without being dependent on a binder component. When the CNT film 12 
becomes precise, the phenomenon in which air bubbles invade into the method of the inside of gate 
dielectric film 13 in the membrane formation process to the CNT film 12 top is avoidable. Thus, 
when the formed CNT film 12 is used for FED and a clearance is in the CNT film 12 in that case 
although FED is made to operate in a vacuum, great time amount will be taken to exhaust the air 
which had trespassed upon the clearance. However, by the CNT film 12 by this invention, since it is 
precise and there are very few clearances, it can be made a vacua in a short time. 
[01 18] Moreover, sufficient film reinforcement can be secured by filling up the CNT film 12 with a 
particle-like impurity precisely, without being dependent on an organic binder. Furthermore, since an 
organic binder component can be decreased, there is no possibility that a degree of vacuum may be 
spoiled by the emission gas from an organic binder. Moreover, since it is made to remain as a 
membrane component, without making the binder components (acrylic etc.) which sink into the CNT 
film 12 bumed down, a film front face irregularity-izes by the volume decrease at the time of a 
binder component being bumed down, or the problem that a clearance occurs can be avoided. The 
CNT film 12 which has a flat front face by this can form easily. 

[01 19] As mentioned above, although this invention explained based on the suitable example of an 
operation gestalt, the field-emission mold cold cathode and the image display device which used the 
CNT film for the CNT film and its manufacture approach list of this invention are not limited only to 
the configuration of the above-mentioned example of an operation gestalt, and the field-emission 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web__cgi_ejje 9/13/2005 



JP,2002- 1 90247, A [DETAILED DESCRIPTION] Page 1 6 of 1 6 



mold cold cathode and the image display device which used the CNT film for the CNT film which 
perfomied various corrections and modification fi*om the configuration of the above-mentioned 
example of an operation gestalt, and its manufacture approach list are also contained in the range of 
this invention. 
[0120] 

[Effect of the Invention] Mechanical film reinforcement can be secure without be dependent only on 
an organic binder according to this invention , as explain above , a flat configuration be acquire 
simple , it can make it possible to abolish the complicated CNT purification process that air bubbles 
be hold in the film and impurities other than a nanotube be remove beyond the need , and the CNT 
fihn which can mitigate degradation of the electron emission characteristic by the diameter increase 
of a bundle can be obtain . Moreover, the manufacture approach of the CNT film of having the good 
electron emission characteristic can be acquired. Furthermore, the field emission mold image display 
device using the field emission mold cold cathode which has the good electron emission 
characteristic using such CNT film, and this field emission mold cold cathode can be obtained. 
Moreover, an organic binder component can be decreased by including said particle-like impurity as 
a filler of the CNT film, and the effectiveness which can control the gas evolution from the CNT 
fihn to the temperature rise and ion irradiation of the CNT film which are produced by this when 
carrying out field electron emission fi-om the CNT film can be acquired. It sets to a field-electron- 
emission mold image display device, and it is ionized and accelerated and the residual gas in a 
vacuum housing and a fluorescent substance are irradiated by the CNT film front face. In this case, 
the problem of a gas evolution is mitigated by many CNT(s) which especially a CNT film front face 
cannot decompose easily due to ion irradiation being included. By multilayer structure, in a lower 
layer, when the content of an organic binder is high, the effectiveness that the high surface layer of 
ionicity-proof protects the lower layer fi-ont face containing many organic binders by the particle-like 
impurity with ionicity-proof higher than an organic binder being filled up with near a fi-ont face is 
also acquired rather than the upper layer. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-binytran_web_cgi_ejje 9/13/2005 



JP,2002- 190247, A [DESCRIPTION OF DRAWINGS] Page 1 of 2 




* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing IJ It is the perspective view showing flat-surface image display devices, such as FED 
which applied to the emitter the CNT film manufactured by the manufacture approach conceming 
the example of the 1st operation gestah of this invention. 

[Drawing 2] It is the perspective view showing the manufacture process of FED in the example of 
the 1st operation gestalt which carried out the cross section the part, and (a) - (d) shows each process 
gradually. 

[Drawing.!] It is the flow chart which shows the process corresponding to each process of drawing 

[Drawing 41 It is drawing showing the cross-section structure of FED in a detail more. 

[Drawing 5] It is the sectional view showing arc discharge equipment. 

[Drawing 6] It is the flow chart which shows the generating method by arc discharge. 

[Drawing 71 It is drawing showing the typical configuration of the generation powder deposited in a 

vacuum chamber, and in (a), (b) shows a side plate deposit and (c) shows a bottom plate deposit for a 

top-plate deposit, respectively. 

[Drawing 81 It is drawing showing the expansion configuration of the CNT film formed with the 
CNT fihn formation process of drawing 6 , and in (b), when (a) uses it, having mixed 30% of top- 
plate deposits, and 70% of side plate deposits when a top-plate deposit was used 100%, (c) shows the 
case where a side plate deposit is used 100%, respectively. 

[Drawing 91 It is drawing showing the condition at the time of measuring the electron emission 
characteristic at the time of using the CNT film by this invention for an emitter with a fluorescent 
screen. 

[Drawing 10] It is the graphical representation showing the correlation of the electric field and 
current density for which it asked by measurement of drawing 9 . 

[Drawing 1 1 ] It is the graph which shows the mixed ratio dependency at the time of measuring a top- 
plate deposit ratio. 

[Drawing 121 It is the perspective view showing the condition of having sliced the CNT film 
deposited on the glass substrate. 

[Drawing 131 It is the graphical representation showing the relation between the ratio of a top-plate 
deposit, and a filling factor. 

[Drawing 14] It is the sectional view showing the membrane formation process in the example of the 
2nd operation gestalt of this invention. 

[Drawing 151 It is the sectional view showing the condition of carrying out patterning of the CNT 

film conceming the example of the 3rd operation gestalt of this invention. 

[Drawing 161 It is drawing showing an example of the conventional triode structure typically. 

[Description of Notations] 

10: Glass substrate 

1 1 : Conductive layer 

12: CNT film 

12a:CNT 

12c-12e: Particle-like impurity 
12 A: The 1st layer 
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12B: The 2nd layer 

12C: The 3rd layer 

13: Gate dielectric film 

14: Large drop impurity 

15: Cathode line 

16: Gate electrode 

17: Gate opening 

20: Arc discharge equipment 

21: Vacuum chamber 

21a: Top plate 

21b: Side plate 

21c: Bottom plate 

22: Box 

29a, 29b: Carbon rod 

30a, 30b: Discharge electrode 

33: Fluorescent screen 
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[DrawingJJ 




[Drawing 21 
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[if 1 1 ] miltm 1-10 <0F«9(DffeJti;§^ 1 JBfclB 

MIB5K^*^^M^^^^fijc^/N*-r >^«:R^/"X^iHUlBS'J 
(7> y W > « ^ C N T X ^ > U~ h cfc 0 ji « 
^T^^LT. mitBCNTM<^A-^-n>^'r'&C<h^ 

[|«*JS1 2] HaiBCNTM<7)A5'-->i:J^Xgtc*3 

ittis^-r^M^JSi 1 \zmm(ocnTm(Dmm.:^mo so 



IXfil 2(CiB®C0CNT^(DSit^rfeo 

n 1 2 tcfB«cD c N TJii<;)®i^:&^fe, 

mffB5^^>/N'F^<0^ffi;S:tJ^<l'J1Stc^^^«L;^c^1Sift« 

»^^^L. ^^^«5|eftc*3frt^mrlBeTt^^^ia^K 
M -a- « 4^ C N T ffl S PbI ^ FpI ^ a i6 -5 « s|sf <h b T ^ 

m^^x. mmmsmMm&\z^n^cnTt,m,'f^^^m, 

mh(Dmm\tfi^O. 5:9 9. 5 — 40:6 0c^ffiffl^ 
ac:<h^#ilti:-r^iS*JSl 5(CfB«(OCNTI9i<OSig 

[if 1 7 ] if 11-16 cOF^ODfpin;;^^ 1 m\z 

IBiE (O C N T ^c7)Mig::^^{C i; o TKi^ $ nfc c N Tii 

\mim \ 8] mri3CNTM;&^t9|BCNT:RDC5K^« 

ci:^#®<h-r^s»*3gi 7 {diBKcoa^ssras^i^is 
mim. 1 9 ] if 1 8 \z%m.(j^m^Wi^w^^m 

[^W<^l¥)ffl?^j:ia9g] 
[0 0 0 1] 

•X^^y'>3>-7'^Xyi/>r(i^T. F E D <h 

^mBLumm-mmmm^^mmzmt^. 

[0 0 0 2] 

m=f'tmmmz^n^ntz,y^y^y^^—v^'f-zi.—^ 

(nm) S^Tl^^'O. 5-Scl 0 Mmcht/^^ 
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[0 0 0 3] cNT{c«, mm^y^:3--^Rzf^s^mi' 

ti.xo:>mmmmf)m\^^mmi'y^rL-^\t. ^mw^ 

mmtr^T-^mmizx-ox^^x^^o 

[0 0 0 4] ±mmB-r y ^it — y(D±^m\t. Nature 
Vol.354(1991)p.56'-58^<7)S:fiR{ClBil$tlTl^So CI 
<7)l2«*tC> X^^-^- >/^\H^ 66500Pa (500 
Torr) CO^^JOAX\t.T)Vzf>:^y.(Dnm^XmrzV. 

w^m\^^. :i(D^m»(D^^^mmzn[^^^xnm\z 

T\t. mm^m(Dmm\z^z>x±^mm:^mr^^o 
tf, mm±m\zWiha/vvh^muuhrcm\z\t. cnt 
\t^^>/'<\Hm\zfim-r^m^\z^^'^n^o 
[0 0 0 5] ^m^\o-mm^^J):m\>z{t. ±nE,mmi- 
/ ^zL-':r(DmmmmEm^nx^^^o z.<Dmmf^x 

-r^tf-^ymmz. 'f^ii>m'\^mm^f'\zj:^mmmm 
^mi^x^^. mz^^mm. mmm^mLTzm. 
^mm^m-r^itiz^D. 9mm%&.±(^mm'r y 
-:/(Dmmmit^^m.i^xi^^^o 

[0 0 0 6] #ll¥6-252056^^ffi{Ct^. CNT^Uv? 

:^h^\z»mLxmm±izm^vx. ^'^^i/AttocN 

Tm^m^:fjmm^m^nxi^^o c(D:^mx{t. mm 

^(Dtk. ui^7.bi.Z'^^wum^^mrz.t\zj:r)^ 
[0 0 0 7] ^fz. cNT^mTmihhvxmmr^u 

^t^^^o m?L\t. Jpn. J. Appl.Phys. Vol. 36 (199 
7). L1340-L1342'^->^{C:t*, JigB5gSSfC cfco TiSM 

mi\:\^rz^m^j^zj.-'^^m'fm\hmh\^xm^^rzm 
(D^'iSLtim^^nx^^^^o t*^¥ii-i459oo^{cti> m 
m^owm^j^iL-y^vzyTs hm(Dn-(>y^\zm 

x-ry^-zL-^m^m^L. ttuh^mf'm.tvxm^^ 

[0 0 0 8] 01 6{C^-rJ:e)JC. 3®miitCDFED 

xitt. m^MLthm}^mm\z. cNTm^m^^rzx.^^y^ 
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<Dmizy-hmm2 si^mm^n^o ;tf^xatgio± 
iz\t. mm^mux\tmmBi n^m^-^n. mmmi 
i±\zcNTmi 2^mm^n. ci^Tmi 2±\zm^ 
m2 3^if\^hxy-hmm2 sf}m^'^nxi^^^. 
vmm 2 5 msmmm 2 3 ^sisr^y- vwiu\i\z 

CNT^l 20-g5^tSt«LT, 

^f^X^X^^^. CNTKl 2RtJ^y-h^®2 5I?<&^ 

t^:^^xSffiiO0±:;^fcti0f^(7)E88$^ttTTy- 

10 Ymm2AimM^ti. w)j(h^(n^m\m^\z%n^ 

[0 0 0 9] ±IE3^1^«i^CD^^xyu-rTii. CN 

i:m\2\z^n.^^. T y-YmM2Amsf-vmM 
in\zm^\.tz:5L^v^ 1 2 b7Si^^>Ty-Hm«i2 4(c 

[0 0 10] 

[0 0 1 1] ^fc, #a/N'-r >^ti*i1S^Tfe'5CNT 

^^x^^(Dx%mz^^n^'»7.o:>^^%i^^ts.^=f- 
x^^m^^fi^^^o 

[0 0 12] z.<D^o\zi^^f^^^ti^^'t>itvrzm^ 

\Z ti/jN $ >{b b fc^'&ck 0 ^> 1^ ^ 

f^^m'^\z\t%Vf^=^t^^o:>^f£nmx^z.^\zf3:r^. 

%m^^\z. m?L^z,^\ztx^. 
[0 0 13] ^tz. ±Moy^o\z. v-jy.v\Z'S^-mt^^ 
u ^-^y^^m^ ^ t,xmm.±.\z c n t^^s^-t^ 

50 [0 0 14] ^tz. n^WL^(DmM.t^^\t. tATtC^T 
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[0 0 15] -r^^iL-fcDmnjLn'ciit. mmvrz^ ^o 

[0 0 16] i-y^:j.-:/mmxmx^\tm<Dw^mh^ 20 
{t:^«£^;^^^il±<^x^;i/^-. j5»J<om^^::^<£:Tn«CN 

[0 0 17] yy-S^^SttfcCNT{l. -^(DftfCg^ 

^m^izmm^i^xm^r^m'^izjit. #iix:^;u=p- 

f+-^^i^^X:^;i/^-##(C J: T C N T -i^^ 

^^^mit^^^^o ny \^)i^m^Lx^^^iy>^)io 
^-jv-r y ^iL-^\z^\^^x\t^(D^mxi^jL\tmi^ 

MzsmLx\^^^v^mf)^^<Dwmzmmf^^m^^^^m 

[0 0 18] m^mTMciti^i^cDm^^zit^. msc^^m « 

\Z<l^Ct{Zl^LX. i^^xTyy^-rv^izin^xit^^ 
<D'ry'^n.-'yf)mzsmiyX\^^^tmmu^^hr^^<D 
xmmm^vxi&m^xm^mmf)^^^n^o c<dt 

m^nt>r\zm^itrc^K m$^T>'Ti-^9cmtm^m 

[0 0 19] ^fz. mmm(Dtf-:^yi-y^iL-:/{t. so 
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^ni^n<D^^^m^t/u^w&vf^^^rz^. -rj^^n. 

Wi'^:x.^v^mm\z^\zwm'^. mmt^^ 
j'^zi,-^%^'S^(Dfmitmmzfh^<u:hh. 
Wimzm.mi^mm\^u<u^fz^. a^s^f^fiTT 

[0 0 2 0] *i^0jti. ±f2{c^^. w«yN*-r>^cD^ 
[0 0 2 1 ] 2^MBJtiM(c, z.(n>^of^c'Hi:m^m\i^ 

[0 0 2 2] 

m\t.^ 0 0:hy^-f>;i/j[^Ti?-ti-y3^-y ^-h;i/ji^Ji(7) 

<, ci^Tm(omm^m^iLhxmmM^n%\.tzmM 
Uim^m^%^z.t,t^x^^t.mz. ^^ayn^y^Vi 

> y fife^^:^ Wet ^ a6 tcS$r m ;^ X Wj: t^ns 

:fe-^n7&^*ffiie)T^i^;^j: 1 -5 fpfflgft^7&^# ^ \zm 

\%Wmumif^ C N T^igtc-^cT^MTE^J^ffl^STi^x 

X. ^(Dmz^^^n^tLTW^mm\mm^uxi57. 

oT^^^So ^^ii7.Wi\&\^\z<\^^^mzU^x^^^m,=f' 
[0 0 2 3] -hSB@W^3i^t" S;^c:56iC, ^^^ejOCN 

TJKf^. :^-3j^>:hy^^-:/ (cnt) ^^O^S^tt^f 

'5CNT<hfe^t«c^i&et^<hCOM^it7&^'0. 5:99. 5 

--4 0 : 6 oomm^zwt'^^nxi^'^^zh^wwLh^ 

•So 

[0 0 2 4] ^mmo:>cNrmxit. 
mmmitx CNT ^:s.rm^<Dmm^mibii<Ajrz(Dx. mm 
/'<-f>i$^(D^iz^w-^'r\zmmmm^mf)mekx^. m 
[^iz^m^t&K.ihtschm<i:\^^^^iBj^^f)^mmzmi^n 
So ^fz. i-y^zL-':/&,9i(D^mm^i^^m\^±izm^ 
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[0 0 2 5] ccT. mmi&Tm^mm:f)^. ssecnt 

[0 0 2 6] ^rz. mmiA^vt^^m^cNT^um(D ^o 

[ 0 0 2 7 ] sf ^ b < mrta/N*^ >^«75^**i#iTis 
fiK^n^o cn\zj:K>. l&.wx^o:>mm^'^miz:^K> . M 

[0 0 2 8] mmmmm^. T^u;k - 20 

N T <D^m^<ommvtm^j:. d mrnitz^^ ^ ^-^^x^ 

[0 0 2 9] ^fz. cNT^um(Dmm^mst>]^tsmm 

c<Dm^\z\t. cNTmf)mmz:^^rzib:^xf)^\^ 
^\znw-r^:ihm^<. ^rzmt^cNTm±\z^0y3: 

-So 30 

[0 0 3 0] MI5CNT^;!|t. Hi^fcSS^nfc 2 ®R 

±(Dmmmxm^'^n. mmmm(D^m\z:}^n^cN 

{zm^'^nx^^^chf)m^\^^K m^ifi. smf)^^^ 

^mmm<Dm^^z. ^\zmmzmm^^mm:^^'^^^y3im 

mi<zt^^. 

[0 0 3 1] mz. MIBCNT, i&^^^m^RZfmcD 40 

m^^mi^^c^^^m^L^^K mt^mitzitt. m±m\z^^f^ 
CNTcD^Wit^<£8 0--9 0%lc:. m±m^T<r>m\z 
*3frt^cNTJi^^(;)#*jt^^7 0-8 o%{c. mrm 
iz^i^f^mMm(D/^^>yM<D^mitm^6 0-70% 

[0 0 3 2] z.:ix. wimcNrm^m^'^xmnmmm 
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[0 0 3 3] ^%m(ocNTm<Dmm:ijm\t. ssbbcn 
Tm^mmir^mm-:^mx^^x. mimm^vt^mm^ 
^^jc-SA'-f >^$^^^sr//x^^H^^feg'Jc7)A*-r >^«^cn 

[0 0 3 4] *!Rg§gCDCNT^(7)S[jt::&STti. CNT 

m<D/^i^'-zz>^o:)mz. A-f >y^j:&tK/x«sij(^y\* 

>yU<DJi^y^>^U— h;&^C NT J: 0 t)3ll^<DT. 

mi^(D CNT <&^#^-y:KM«J[^^0 C N Tm^m^T 

^m^^z. ym^'tt^mmz:^\^f^/^'i>yMRz^yyi 
m^KD/'^^ yy^^mw^'tt^t. mmznvxcNT 
m^:/uiix'i^hmmi,zmm'^it^z,h^^x^^o 
[0 0 3 5] z.:ix\ mmzmuj:nxmmznh>tirz 

{Ccfco. i:m:^^mmz^mtiiCNT^j^^x^^ti^^v 
m^m^^n^o z.n\zi^PLX. mmzmu^ 
xmxw^tifzCNTRv^mi^ik^^m^m^^^ z.^h 

mm^}±.^<^DiEm\zmw^^ ^ tfj^x^^o 
[0 0 3 6] ^fz. :$^mM(DCNTm<Dmmyjmt. ^ 
^ >/^{Hx^^mzn\^r^-M<Dmmw^m i^tt-^ 

^{zcNTRv^^^^^mm^mm^i^. mmm^^m 
i^^xcNTm^mmT^mmy^mx^^x. m$E9-^> 
/'<\^(D^mRumm^z^>^mmLrz^iRmm^Rzsi^m 
itfi^^siRL. iBii^iyfzwim^w.mm^'ELZsmw.mm 
m(OM:^^m^(DmmitmxU'^i^xU'^^m^^^ 
mm^ttn\z:idi,f^mmi&^^^m!^^mm^iin 

[0 0 3 7] 2(5:^HJCOCNT^OSjg*&Ttl, ^i^JR 

mm'f)^^iB\iui.rz^mmm^Rmmmm^^m^(D 
mmitrnxm^'^^'^. wi^z^(Dm^umz:}^^f^m^^ 

ntLxm^^-^rzo^x. >yo:>^\z&W'^'r\zm 

mmm^mf}m^x^. m\^\zm.m^m^j^,ts:itf)^f^ 
^^^mvtcDCNTm^mmzm^z.tf)^x^^. ^tz. 
i-y^zx-:/&.s^(D^mm^i^^wi^±izf^^^'r^<tof3: 
mmrjiCNTmmxm^M<T:it^^x^^<Dx\ /\*> 
\^)mm^{zj:.^mTmmwi^(D99it^mur^ ^f)^ 

[0 0 3 8] *f*M{c:fi. ntimmmmm^^^m^^mm 
m^t^^mi^^x. mmRTsm^^mT^iz^n^cNT^m. 

f'iK^mmi:(Dmmity)<0. 5:99. 5-40:60 

(Dmm^mtz^^ ^ tc c n t ti&^ik^m^t(o^mm 

^!^h(Ommit^0. 5:99. 5-4 0:6 0COjeH 




(6) 
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w-mmmmmzm^bti^o 

[0 0 3 9] H?fECNT^(7)®it*^TMi^^ 
tirzCNTm^m\^^^C^:lZ^D. CNTmt&^tCD 

mmm\z\^s o o nm^m^^mmo&i'^^mmt^ 
^nrji\^^^z>\zm^r^:itf)^^^^o ^tz. m^f-miHi 

[0 040] ^Tc. mmmmmznr^^mmm^<DM 
^itm^s oxi^T^zi.rzCNrm^m^'r^^tiz^ 

z.(D^o um'^mhmi^mm^m \^^rzm^ma,mmmmi 20 

[0 0 4 1] 

^mmmm\z&-:^\.^x:^^m^w.izmm\zmm'r^o m 
i\t. :^mm<Dmimmmmm^z^^^mm:^mx-mm'^ 
titzCNTm^ji^^y^ f,zmm vtzfe Dmo^mmm 

[0 0 4 2] ^mmmm^^mm\t. 1 0 ± 

\z. mi(oiE:^yj\^i,zmmz^^nizm&'r^m^(D^^ 30 

^) ^^>isf)m^^nx\^^^. ^tz. cNT^i2 
^^tsi3^:Amsiio(D±m^mo^o\z. sog (sp 

inOn Glass) . SL<ti. 4^ 'J ^ ^ h\ T^U^Htflg^ 

f)m^^nx\^^^o 

[0 0 4 3] h*&&]K 1 3 ±(C«, SH^c^y- Ml 

\zm=f\zm^\^x^'—v^^>^t^\^x\^^^. ti'j—\^ 40 

0> CKOy-hMP 1 ytCgm-T'SCNT^l 2;0^*X^ 
[0 0 4 4] m^SfctBa57^?^'?^^$n/!:±l2:^^XS1Sl 

oco±:^tc{i. RGB m) (Dm^mmi^^ 
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[0 04 5] 02«, FEDtDSigT^D-feX^^-r-gS 

mm\zi.rzmmmx^K>s (a) - (d) ts«-xs^s 

[0 04 6] XT^^y^SlTti, :tf^XS«l0 

i^it-x.xcNTmi 2^mm^^ ( cm 

2(a)) o :k^^X. :Ky^yZfS2X. CNTMl2±tr 
xy-hi^^^l 3^?^^f ^ (S2 (b) ) o 

[0 0 4 7] x^^yyssT, g'a'^-&g3t 

Lmm^^mm'r^/^^-::^>^{z^D. ^*-hmu 

(X^^y^:t:-;U) ll^m^t^ (13 2(c)) o Jg 
(C. X-7^^>7'S4T. y-HPiP 1 T^^^^J^^^n/c^^r- 
hite^l^l 3±JC><^;i/BB«l^j5SL.T. y-h««il6 
tCJ^fig-r^ (1^2 (d) ) o Z.n\Z^K>. CNTIS^ffl 
l^fcFEDOmi^Jfcffi^J^ISffi (:^JV-hVt^;P) 

[0 04 8] 1^2 (a) tC^fel^TCNTfli 1 

T^^^tctl, 132 (b) {c^b;^cxe>n-hxs 

^fz. mmo^m^'^cNTo^mmifzm.ms 6f)m 
^-Dxmmmmmm^iziKmL. ^mse^^/vtzy 
-hmmmi 3:^m^^n^z:^{zu^. iKDm-^iz. 

[0 0 4 9] ^fz. cNT^i 2^mmmi i±\zm^ 
(D^m^-t^izm^x^fsi^-^f)^. ^<D«-&{c«, mm/-^ 

^mr^txiJ^7.mw,±\z c Nrm^m^r^mz 

fit. ^-^>^\Z^^Xs CNT^lC#^i-r^^«AW 

>y^mm^v. m^^^LxmwLt^^^rzib. cm 
i,z^^i^mu<>xcNTmi 2mm^m^iti^. xt^c 
NTm^zmm'^m^'r^m(^mmf)m±\^. ^m^(Dc 

N T K fi!c ^* ffl H { O^ci: ^ o 
[0 0 5 0]ia4tC. FEDCOBFrS^ig^ctOl^ffltC^ 

To FEDfi, is^7.mmo±{z. mmmii iti^j 
-Km@) hm^f-WL^m^i^xaycNTmi 2h^:i(D 
jiiicWT^o CNT^i 2±:;^{ctl> m^20 umnm 

T^^^So f-hnm\e'SLXsf-htmm\^\z\t. m 

^<Dx^;/^>^XfiXRttt^{c:Kii$nfcy- h^p 1 
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rHftiai^J CNTMl 2(r*5tt^CNT 1 2 a 

m^mr^^oUm^\Z\t. CNT^l 2SffiOIHiaj^ 

Wk^s<o ii<D(Hiifii?^t^7&ty-hMPi 7F^tcm3SL 10 
[0 0 5 2] MA-fii. y—hmmi eizsov. mmm 

1 1 €r^tfX^ ^ (12) 0 V, y- hmS 1 6 ± 

\zmn^nrz7y-\^mm mie^m) tciKvo)® 

m$r^>J?H3jtlPb;^c«^. ia4fC^'rcfc'9tC^SfiBl 8 
?&^%^-r§o CK^RStc. :^)K[^MiKil 4 7^l^^H^c#ftf 
^CNTKl 2SffiT^ti, mmmmi sf}^±t<mts. 

[0 0 5 3] IM4tC:fett'5)y-hMPl 7rtO:£)^ffliJT 

mmzx^m^'^m'Mizm^'r^mmf)m±L. y-h 

S«i 1 6 tmmm 1 1 ^(OPp1co«&a^Htt7i^-«TT^ C i: 
t'/cC^o :te^»E«l 4a)J^»Ty-hmffil 6 

itesr^ocNT 1 2 a t:(Dmm^^sm^±\zmn. 
wcmf)mmizf^K) . m^f-mmi 9f)mtst\^^vmmf)^^ 
FEDTti. ^mTnmmmf)^^i^-izm'T-nm 

t:. i^-i^^^^i:>n^Chi,zU^. 30 

[0 0 5 4] :k\z. ±mmm!^.^mmr^. :^mmMm 
m^z^^^cNTmocNT^^m-t^rzibcDy-^nm 

[0 0 5 5 ] T-^mmmm2 oit. ^KJ^^n^f/-;!^ 

KS^fiJcT«^^^>A2 It. M^^^>A2 1(7>^ 
ffl'J$S'5ffi#:2 2<h^«ATl^i'5o ^^^^>A'2 1 

\t. ^mzMi^'r^mm^<r>^^2 1 a:^zs&m2 1 c 

±rmm^^^^U2 1 a:S:t;^i£1S2 1 c<D^miZ 

m\HWimmzm^^tixh&iK 

[0 0 5 6] M^^^ >A' 2 1 (D&m 21b 
ilf^a 2ldt. #7L 2 1 d tC^trti^-r-Sffi^f!: 2 2 (DM 

mzm^^nrzii2 et^z^t. m^^^>/^2 i<d\H:^ 
iz^ti^^^^m^i±rz^mm2 9 a. 2 9bo^ft«a$ 
^c^y>:/i^rznmmm3 0 a. 3 ob^m^^n^o 
^mm29a. 2 9b«. m^<Dmm^mf)^'^m^nx 

j^^n-Sa iJtsmss 0 a, 3 obt^2 7 \Hmmt<D so 
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i^2 2p^:fj^^^n.tmm^nT\^'^^o tkmmm3 0 a. 

{/mnmMs 2 ^z^t^^nxi^^^. 
[0 0 5 7] 7-^mmmm2o^m^^rzCNT 
(D±^m^z^^^xM:t^^\zmmr^o meitt. ^o^^ 

X\t. K^5=-V>/\*2 1 F^^gp^LTl X 1 0-» P aJ!^ 
ToyEEtflZ^^Lfz^. «^^-V>/N*2 IrttC^U-^A 
(He) :^fX^»AUT6. 7 X 1 0^ p a OJE:^{c« 

jt-r^o mz. z.coj£tiTx\ 7-^i^mmm3 2f}^iE> 
m:mmm3 0 aRz^3 obizmm&^mui^. ^m»2 

9 a, 2 9 b<D^9cm^mX7-^Wcm^^±^i^^. 
C(Dm^Z. m^'^^>/^2 lP^X\t. He:tfXlC<fcS** 

m^^u^xi^^^. 

[0 0 5 8] T-:5^i*StCj:oT^^^2 9 a. 29b 
0#^S7j|tiSiaf'JnlSft$n'5«h, ^^^2 9 a, 2 9b 

j^^oymmt. mmW2 9 a. 2 9 blC^fi^^-r^^ 

m^mm mm^m) t-^mmvx. He:^xj,zj;:^M 
mi>zmDm^^^>^'<2 i[^yjxmmzm^±'/)i^^ z> 
^0, 7-c^WLn\z^^m-mt^mi.rzi57.^=f-t,f)^H 
e^=f-\zm^\^xm.i^^nx^t^^ni\:^^ziLx\ cn 

(D^^m\t.. ^m<^l 0 0%(h'r^^>(^S«ltT> -^y 
(Ni) f)^^%. RZS^ y h^J'y/^ (Y) 7&^*5%T 

[0 0 5 9] ««CDCNT^:^^**^^^>A*2 1 P^ffifC 
iiJiSr^t, ^ffi2 1 a. {11^2 1 b^a^JStS2 1 CCD 

a, ffiijis2 1 b:s:i/icis2 1 cx\t. mm-r^m^o^m 

^>A*2 lrt{c4bHt^^1S2 1 a(CiftfiL;^^sK!(5»* 

(i^iiT, y^^mmmt^zo &m2 i b\zmmi.rz 

CO^JC. jS1S2 1 c fCi6«'r^^fiKt»* (JWT> 

[0 0 6 0] y-^mm&xi o^mMcm^it 
^mmmmhi^mmm^t^^t:>'^xi^'yA(D 

mt<Dmmitm\^. *5ci:^3 O : 7 OTS^clt/^^^ 

3 0:7 om(Dmmitxi^^^^rzm^m^^i^mr 

^tDit^o ^tz. 1 5^mxi ^^A<Dmmmm%^ti 
^j:^\zmmm2 9 a. 2 9 b m(Dmm^mm-r ^ t . 
^w.mm^tmmmm^t(Dmmitm/)^4 o : e otcT 

[0 0 6 1] X7^^;/:/S l 4X\t. U^By^ 

1 : x37y~;i/2 0 Oc^^SffiitT. jg'&fK^^fiSc-rSp 
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[0 0 6 3] E!7t^. K^^'V>A*rt(D^1S> ffl'JS:S:D^ 

T^o. (a) \t.^mm^^. (b) tififjistsfaia 

(c) \iimimmm^^^^^^. 
[0 0 6 4] mi (a) \zfr.^^o\z. ^wmmx 

n^o cKDfe^t^^M^i 2 c?;)^^«mscocNT 1 2 

aii)^^?LX\^^^o CNT12a{i, &(D^(DXo\zm^ 

CNT 1 2 8it.mnrz,&.m\zi^^m.=F^^mmi 2 

d^:, CNTl 2 afcS^-r^S^^^Mtll 2 e t)IS 

i5'7 7.\zmm\.xmTmmm.xmm:\.tzo ^(Dm^oyc 
NT 1 2 a tmi'^^m^tcDW&m^it. mm\tx^ 30 

J:^8 0 : 2 OT^o^o 

[0 0 6 5] HI? (b) \z^r<ko\z. mmmmmt. 
^^mzit^mmm^^mmmx^^^^. mw.mmm 
x\t. CNT I 2 a(DWiEm^f)^. ^mmmmiziti^x 
'pu<. mmitx^i^como. sxx^-otzo 

[0 0 6 6] ^7 (c) \z^r^o\z. mm.mm\t. 
±M^jimMm^-Rzsmwmkm\z^n^mm^(r>mm\z 

[0 0 6 7] mS\^. ia6(DX7=-^;/:/S 1 5 \Z^n^C 40 

m\z^s^mx^ D . ( a ) \t.jimmm^ 100%^^ 
i^tzm^. ( b ) \t^wmkm 3 0 xhmmm^ 1 0 
xh^u^^^xmwiX^fz^^. (c) \%'mmmm^ 

1 0 0%^fflLfcJ^^^^^^t-o 

[0 0 6 8] ZZ.X. -^wm!^t.mwLmmnt.<nu^ 
®3^isitia#» : m^nmrna^wmtii^^ : 1 0 oo^t so 
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CNT : )ia^tt^SB^KlO®m«0. 5:99. 

5. 

@^«ifl®f|*J : fflJ«itlii^0®Sit;&n 0 : 9 0 (Z><i: 
CNT : e^tt^jffiiKKD^ttJtti 1 0:90. 

(S)^S«IS#? : ^\WMmm<J^m.W±t^'^ O : 7 0<7>ih 

CNT : ^=^^'^mm(DmkmiL2 5:75, 

(i)5^1S«lia4* : <BI1S«lii^coaffiit/)^5 0 : 5 0(D<i: 
CNT : ^^iK^*iEfeO®?Ijtti4 0:6 0, 

®^^mm : ffliJ1S±i«*(0Sffiit:?&n 0 0 : 0(D<h 
CNT : 5ia^«^ICiKJ<^M5Kit«8 0 : 2 OT^o 

[0 0 6 9] i<l^T, lt^^l%3 OnmOD)fe^t*e^;^^a 
TOa^S^^TS^TCO CNT <hM^tt^»E^Offi?fi 
it;&^4 0 : eOOi^-g-. «^Slt«2 : 9 8gffi-e*-5C 
t.tl^f^ti^r>tZo *fc> 0. 5:99. 5 CD^-^, 

til XI 0-7 : It^U^b. CNT tM.^f-^'^mmt.d^^ 

«ltVRti, m^S^^T (Sl^l.2Xi.0Mm2) -tfiS 
j^L;^cCNTi:3K^4^^j^ife^(7)®li^^^ S (CN 
T) nm2. S (NP) im^ hT^^. C N T CD^i^S^D 
n nm^S (CNT) iitClt^JL, S (NP) (0 1. 5 
mzWVcm^^Z.t.t'^f^ti^-:>t^^ 0*0, 
VR=^gCXDnXS (CNT) /S (NP) »5 

>^iS=l. 0 2) 
T^^o «£oT, ±^€ffit.iTtf#r^ili:(C«fcOCN 

[0 0 7 0] *:^ffiJ^^«sjtc«SCNTM«. ^M-BlXS 

0. 5:99. 5'-4 0 : 6 0(7)iiga{CiS:^T^C:i:;^^* 
M^Lt^^o z.(f^m^. CNT<hSjt^t»C^^^^<;)S«Jt 
^0, 5:99, 5-^4 0 : 6 OOlBBfCia^LTCN 
Ti^'Kn(r>mM^m^'ihtSZ.t,\Z^y). *ffiA*<>^(7) 

{CP^^ST-S J: -5 :^cJ:1S$i^j: C N T*&MX*i <^:Lt.ti^ 

[0 0 7 1 ] ma (a) f3^Tcfc^tC> ^«iiiai^€:l 
0 O^^ffifflbfc^-^tCtS. )|^^tt^J^#ltC*tLTCNT 

\\t^^^m.-f5n\ZM.^LmM^^ (CNT 12 a) o * 

tz. m^\z\tmm\.(nwmmzfs,r>t^cNT\2h. 
'mscNTn±tmm\^. nyY)vW)mMv^\^fzCNi: 

0 mx^m tcr^oranfcttii^sc^f -So cnt 

^UT^$?(r^tg-r-5CD-r, itiLBar^ncT^CNT 1 2 a;^/^* 
*D{si{C^l^;i>^^^*ttgT^So AtiCNTJ^l 2 (^^l^M 
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[0 0 7 2] ms (b) {z^-r^oitz. ^i&mm^3o 
% t.mmmm i o %t,^u^^^x^m \.tzm't\z 

08 (a) h\miVX. fi5iElfi]C0CNT 1 2 a:f5^ 

^=^'>u\^^i)^. mmi.fzCNTm^thj^^^nf^\^^. 
arnvTzmi^^Tr^fo 

[0 0 7 3] ^8 (c) {z^r<^o\z. mi^mm^^i 

0 OX^mLtzm-^^Zitt. fiS:iEfS](7)CNT 1 2 a;&^S 
^X(>f3i<. mz. ©^«^MiKJl2c. 12d. 12 10 

[0 0 7 4] ^^mx{t^^M(D^mtitmi.x. mmr^ 

mm^mco c NT(D/^> HMb^PtJ-r^ z. <h^^-e^ 

^fz. :^mmx^^^^^^^f^m^mti.xmmi.x 
\^^rzCNT^mmnxmx'r^^'f'^^m^(Dmxm^ 
mmmzmm-r^ z: txmmc NTmo^mm^'pfsi < 

:ih'f)^x^^o 20 
[0 0 7 5] ms (a) tC^fi"5{C, C 

NT^^D#<ST4^^J^4^1 2 e<hl 2 d <h:?!>^X NT 
tr** LTffl*f C N T m±^m^m L-t^-T 
<, A*>H;i/g:^^ii:^b-^TV^o ^8 (b) X 

\,t. cNT^mK>m<m,i'^^mmmm\z^iE'r^rz 
36, mt^-r^cNTit^T^^m^^mmmzuD. mm 

[0 0 7 6] MtC, CNTt^&l'^^m^h<Dm'^it^ 

mm(Dimzm'mr^zitx. cNTm^mzw^-r^c 
NT9ci^m<^mm mm) ^mmr^^t^^x^^. 30 

jL^y^m^mizm^^i^n^mmumxit. -r/^ 
:3.-^un-<D^M!^^mmvx^>rz. :iti\t. ^/^o. 
-^(Dmmmi\:^mMr^±xm^mx$>^/)^. -ry^ 
:i-':fm^m(om&mm\z&^^i-y^=L-y<Dm^t>^ 

m^i:m^mxcNTmmm\z^ih'r^mmcNT 
i&^m^mm^m^vrzm^. rtat)-^. ms (a) x 

i,t^(Dr^m\t2 fim. ms (b) \t4iim. ms (c) 
X\t2 0iim^U^o 40 

[0 0 7 7] m9\t. ^mm\z^^^mmyj^x^^^ntz 
m^m. mmL kdcntjki 2 0Tg5fcfirM'r>5»m 

Hll (;^y-H«Si) *f[^nT^^7^X^U->3 
3<hOPBl(^^gSL2^1mmJ::l9:^U, MM 

si^^i^mmmi i^zM<Dmf£^. m:^7s^^j->3 3 
{ziE<Dmm^^^mu\^rzo c<om\z. ^ta:Ba^^^ocN 

T 1 2 at^^mi^'f)mm3 5(D<^z>{zmi!i^nrz. 
7.^^j—>3 3tmmmi i L(Dm\zmn^mm.^m^ 50 
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fh3 6TMitebfco 

[0 0 7 8] lai oti. m9(Dm\mxii^iibrzm^Lmm 
mmt(Dmmmm^^T^^ymx^^. ^^>'(^«g^ 
^j^7.^'j—>3 3tmmmiit(Dmo:>^mL2 
m^mnmj£h'f)^^^ii^rzo mm^^mit. cnt^ 
1 2(Dmm^x.^y^mm^Lx. asu-s e-ctteti 
rzmm^:z(Dmmxm^c^\zj:'ox^isbrzo 
[0 0 7 9] ^1 oxift. j^w.mm^tm^mmmt<D 

m^MMitm^S 0 : 7 O^Cb/tCNTKl 2> OS 

^mitm3 o%<DCNTmi 2 ^m^^fz^s^^^^ 
yA. ^mmm^^-^^u^^mmmm^i 0 o%(DCN 
rmi 2^m\^^rzm^^^yyB. ^^^fi^ioo% 
^m^^xm0!ZLrzCNTmi 2 ^m^^rz^^^^^y yc 
x^^TF^i^tz. m\m(Df^^. ^^yAf)i. m^i&^^m^ 
xmT^nmi^. ^fz. mcm^xiitmhM^mm^^m 
(Dm^^nmi^rz. i^f^>'A-ccD^cNTSii 2{cp 
Lx2mk/cm^<Dmmmm^^^n^mmt. 

1. 5V/um. 2V/Mm, RZS. 2, 7^/ timX^^tz. 

[0 0 8 0] Ell ^mmm^ttm^ i o %m^x 
mi^htzn.com^itm^^'&^TP^^^yyx^^o ^y 

yXVt. 3^«it«iKllt^3 0%(7)<h#75^St><£Vil. 5 

mk/cm^(Dm'f'WL\^i)m^n. '^wmm)A:mi 00% 
(Dti^ti^m^M^^2. iv/iimCDm'^WL^mmm^n 
^cttmf)^^o m^{t. 2mk/cm^(Dmmmmt\t. 

^T^X^U— >3 3trP 2 2^3^^ (O^O. ZnS: 
Cu. Al) ^ffll^^TS kVOig/E^BlJnL;^«^fC7 

0 0c6/m^(Dm^f}^^^ti^mx^^o ::n\t. fed 

X7 0 0cd/m2<h(/^3+53^tC^^ViiaB^t#>5CD{::. K 
•60 

[0 0 8 1] 01 IT. ^mmmmi 0 o%ocnt^ 

1 2^ffll^fc«^{cMT^mm#7ii^*±;^^'ofc±tS*g^ 

08 (a) fC^-Tc^^tc^ CNT^^0#<S^4^ 
^m^l 2etl 2 df)^CNT\Zj^l.X^MmZ(}?^tJi\^^ 

m\z^^nyv)v^(Dm±^v^mT^'i9m^mz'rt(^. 
:^(Dm'^\z\^'t(D^mf)^^h^^^rz^\z. mv^mzcNT 

[0 0 8 2] Sfc. ^SitSi|^C0?g^fiJ^^i^a6. 
^^iS8e>;t«^tCt^, CNTflISStC?¥SE"r^CNT<7) 
NTPBlC0g6g8;&^*M<?:j:'5o m^L^^^ ms (a) {C^TC 
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[0 0 8 3] z.<D^o{z. mmcNTm(Dmmf}m<y3i 
c'NT^mhi.<\'xn>\^)v%mzm^m^iim 

^mtmwis.<D-c. 9vmmmt.cNT^\zmm^^\z'^ 

mmmMMt^ ^mmf^ c n t 9cmm^mo ^ o \z^^ io 

i^ufi^i^. mWi-^o:>cNTi)m\zmm\.x\^^^i^%\z 

WrQ^mwm^ymtL U;^ l C n t ©ig-g- J: 0 fe/jN 
[0 0 8 4] ±M<D^ofxm^m^<Dn 

m)}^^'^\zwm\zm^^tzmz. m.^m\hm^(omm 

P^\ZCNT<DWL^mtW (PSlCNTFRla)Egi^/jN$<) 20 
fcCNTCDig^ti 1 Mm, CNT (/N*>H;1/) (7)^^ 2 

iST-r^iSf^^^bfco cnt^m^ifcm.^ (cnt) 

;^co z.(Dmwz\^. mm\zcKT^m\zmm\.x^m\z^ 30 
[0 0 8 5] ^11 \z^^^x^mMmm 3 0 

[0 0 8 6} J[^J^±0<J;^tC, CNTcT^m^^itSD^i^T 
[0 0 8 7] fcfcL, ^^i6«^it^?^^*/h$<;^j:0t-^' 

s<h. m^m^m^f)^i<^<t^^hnm\z. 

^^\z^^x^^hmmx^^o^\t.^mMmm\tmf)^i 
[0 0 8 8] fitoT. m^i*m<7)ii.'S^^6fi. 3^is«ia so 
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#lit^m 0%jl^±;^^*M^b<. 10%J^±E.O5 0% 

W^ti^feci:^ 1 0 %«Ji7!i«S^ U < , 10 %£Jl±J.O 4 
0%J[^T75^'J:DM^Ll^o 

[0 0 8 9] mi 2(C^TJ;'3{C, ::y^XSSlOJilC 
*Sb;^cC N Tflll 2^, iP^F^^O. bum(Ommz 

TMl 2(7)3fe«^^a'l^L;^o 

a^ioo%. ±T^rpi<?)«^fi^ffl^o%<h-r-So 
[0 0 9 0] ^i3ti. '^mmm(D)A^^t.^m^L(D 

IHIi£b;^Wci:<^iff7'cJ:=fe<JO<h;^ci:S(7)T% CNTM12± 

\z. "f-hmmmiziBLXs^-hnmi^ {jL\t.^uv 

\^mm) ^mmT^WAzumx^^. mz^mmf^m^^^ 
m^\z\t. mmmi 3^\zmMtm^'r^mm\z^mi)^ 

[0 0 9 1 ] ^w^m\z\t. ^w.mmm<Dm'^\tm^3 o 
xo^m-^^zitmmts Q%x^^r:.t^. :inf)mm±.m 

'feSf^Uiiffl'Tf^So 3fe«^^^7 0%J:0*)/JN$ 

^^tcti, cNT^jiji(c^H^j^fie^s^jc^?a:?&^* 
jg^j^^L. m^na^m}^mm^mmr^mz\t. 

^5 O^JK^TfcSO^TSCirTS^^M^Lln Z.<om^. ^ 

pjtgT^S(h(.i3a:i::^^*#6nso 9c^zm^rzmwmm 
izmmta^n^ (^^mmm^mitm i o %j^±Kr) 5 0 

0%JEJl±5 0%JeJlTT^SC:^::^^:b;^^So 

[0 0 9 2] m2Rzsm4^»mi.x. ^mmm 
mmcomi^mi^z'Di.^xmm'r^. :i(DMi^mx{t. cn 

(/^S<h. CNT^l 2^E(D[HIini7&taiSiJ$nTl^SC: 

mmm 1 3 {c^fSTjj^* A 0 tc < i ^ ^: ^ "5 m^m^^ ^ ns o 



(11) 



#§12002-190247 



t9 

[0 0 9 3] i^mi^mx^lt. m2\Z7r:r^o\Z. y-h 

\t^\z7jkvrzJ:^{z^mmf)n ox^^izr^^^f^F-c^ 

•So 

[0 0 9 4] s^it^s o%j^±{c-rs«h. mwi 

iit^^ysimmmii^m^r^zitify^x^r^i^^. zi<Dm 
^^f^fimmm^m'r^m^m^m^^^\z\%^>ts. ^o 

[0 0 9 5] hmmm i s (Dmmim. hmm 

EE) ^smjE^t^-fr^o m^iti> y-hmmmi 3<om 

mt2 5%U(Dmmx*S:\^>:it\zu^o se-DT, mmm 

%j^T) iiti&mEEmmz^\^^xh^9J)x^^o 
[0 0 9 6] 5 fiTn(Dmm<Dy-hmmm^mi^\ jao 
m'^\t3 0 : 7 oaycNTm^mmiyfzFEDxit. m 

1 if)^^hm^f)^:^<kolz. 

1. 5V/jtimX 5 Mm= 7. 5V 

<7)BJJ^D@iE7&^^i^gT^^(D{C^tL, 0:10 0 CD^^lt 
m^mm l^TzF EDX\t. 

2. OV/MmX 5 jum= 1 0 V 
<DWi}umJ£^^ii^-^X&^o MH, mi 1 (ctiia^bTt^^ 

t^i^^^^. mmiyrzCNT^m^^rzm'^ mi ic^^it^i 30 
0 o%^r)h:^m) \z\tm^nmn^f)^2, sv/p,m 

2. 8V/MmX 5 Mm= 1 4 V 

[0 0 9 7] b^i^b, !ltSftOCNT<DJ:^tC, m^SSr 
thmm^2y/'/imJ:0hi<^<tSi^h. 10VJ:Dh 

mx^fsiKfjiV. mzumm\''^^/^^mmr^sm^^ 40 

/N*€r^tr5^>r l/-r vzL-;l/ 1 L.T<7)fffi^?!>^'i^ < 

T2 v/Mmj^±cDS^*fi:aaa#-e*) 1 0 vji^T<oigij[i 

[0 0 9 8] Ji^±OJf^m75^6, FED<hUTSji?:j:CN 
TM<Offlfi)cfi> 0%JL^±E.O5 0%Jiy.T<©85fflrtco^1S so 
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®^#st-r^ <t:^fi 1 0 %)^±R'D 5 0 %^T<Dmmp^ 

^5K[Tt^:^^#j(7)^ffi?itc r&e6'5 C N T mm]tXm^^f)'^ 
^^t. CNT^W^tiO. 5%J[M.±5.C)4 0%J[^T7J>^ 

[0 0 9 9] :k\z. ^%m\z%^m2mmmmm\z-Di,^ 

xwtm'r^o mi4\t. ^mmmmm\z:^^'f^^mxm 
^^TKrffiHT^^o :^mmmmmx\t. cnt^i2 
^m^:^\^x. mimi 2 A. ^2mi 2b. Rzfm3 
mi 2C(7)3m{c^^iijLxTt.^^o 

[0 10 0] CNT^12tl, CNT 1 2 a ^hfei^iK^ 

7smmiOii(omm^^^\p\±^'^^tiib\z. r^^yjv 
u^'^m^'^^z.t.fi^x^^. ^mn-iy^^ 

CNTflil 2<O3t:)<Da55>^*C^C0Sfl^Jclt$il^SF 
[0101] m^*t±5®^<^^T^m 1^12 A\Z\t. 

miLm\^<DCNT 1 2 8i^m±f^itm^mmi^rzo m 

2gl2BT«, I^^V^^mm^^^KCNTmi 2(D^ 

mm-^mKr^^m^it^mmLrzo m3mi 2cx\t. 
n. cNTmi 2<D^mmf)^J:K>\^±'r^m^}t^mm 

Vfzo 

[0 1 0 2] :i:^6<JtCti. CNT : Jl^^t^^M^^ : 7^ 

u jimR^it^. mimi2 Ax^t. 2 o : a o : o 
itm\z. m2mi 2 Bx^ts : s 0 : 1 5(Ditm\z. m 

3® 1 2 CX\tl : 2 9 : 7 0 (Dhfc^ 19:^ "TS C 

[0 10 3] ^ft. CNTmi 2^:AZfU—xmmi^'D 
Of^MT^^tCH, ^^^?^^3a^ffl^LT. ^3® 

1 2 ci.zm^'r^wmm^xitt. i : 29 : ? 00^3 

CDit^/13^->0$j3|sf^6. 2 /immizm^L. t<om. 
m^\Z. 5:80:1 5 0)^2 <Ditm/^^->(Om^^ 

1 umcommx&^i.. :in^ifcjg^i±Ttc-^cD^^. 

2 0 : 8 0 : 0(?)mi Olt^y^^->C0^J»^0. 5 m 
[0 10 4] rji^. ±^f5<hVW>^O^Aa^M^>$ 

nm^z^^ttmrnmo^mm^m^'r^rz^x^^. c(d 
[0 10 5] ^fz. ±mm^it(Dmm^^mzxyu 
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[0 10 6] :kiz. :^mMizw^^m3mmmmm\z':Di^ 
m^7jk'rmmmx$>^o :^mmmmmx{t. cnt^i 

[0 10 7] ltz^^-dx. ±m<D:ijm^m\^^^zit\zj: 

T<Dm'^^m<Lx^<:zt\z^o. ymi^rzCNTf)^ 
mmtfj:^x»mx^r^^^h\^^o^Mc^^m< ctr^< 
^ — - > s <h ;0^-e€ ^ o 

[0 10 8] CNT:^t^P«^IEB|J;0 tjfil.^^^tCH> C 

Nr^^^mtf^(btsii^^^oiz^(Dmm^^^mmmzm 
^zitx. -f^m^zmmvtmf>zU':>x\^^^cNT^j^.^ 

T±h>xmmiyX^m^m-^x\^^^<Dx\ mmi.z^m 
cNTmt.^^n^o ^mcNT^f^.^-r^^m^Lx 
/'^^-zi>^m\zmw^^->m^zmmi^x^mc 

[0 10 9] ?i5<§cNT:?5^\#jtn«, mm/^^->mf)^ 
mmx^^mmxit. mw^^->mizmj£mnLrz:i 

h\z^^mM:^^^mcNT ^mcxmn^ c ti,zrj:^o 
m^^cNTm^i'zmwt^mn^^zhx. mmcNTtc 
NTrntcDm^m^x^^mTt^mmLxmrnx^ ^ z. 

izmmcNT^m^-r^m'^\z\t. mmm^t\^^z>:^m 
^mmT^zity)^x^^o 

[0 11 0] ^1 4TI«^L.;^cCNT : S^^^^HEft : 

T ^ )i(Dmmit\zm^tni,i. m2^i2B. Rv^m 
^u)i^f)^mm'r^ch{zfji^o o^o. r-trhxccfco 

z^^i^^x^^. :i(D^o\z±mm.^itiz^^^ni^t. a 

^'-:^>^i,zmvrzitmxm'^^ti^(DX\ n^—:z,y 
^y^X^mH) U >^ffi#^ffli/^fcF^-rx^y5^ 

So 

[0 111] ^JAti. SI 5CD 

•rSil<h;!)^T^So CNT 1 2 aJtC/^S^^^j&Bttti. 

mM'fvX'^^xT^^})]/m<r>^mn'iy^t.-m\z^ 
^r^(ox. ^^^m.(OfSi6^mi5^7.mmo\zn^mt 
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[0 112] z.(Dmz\t. /w>y« (suo/\*-f >^ 

m CDX^;/5^>yix-h7&t{>;(a:<<ht>CNTO-5-ncfcD 

^n^^i^^y^x^^c^^LT^m^:^<^:x^y^> 
^^nu\^^rzi^. /^9-=->^^no:ihf)mm\zu 

So ^^c. /N*'Y>:$^«(DX^;/^>yU'-h7&^CNT(^^ 
10 5feWfCiifT-rSfeJ6> VX^«3 50T0CNT 1 2 A 

[0 113] bT^^L, A'-r>i5^*^OX^y^>^U-h7&t 

>^tim9m\zx,y^>^^n^tz^\z. 
-h(D^{zm^t^o vrz:fy^'DX. jiy^-y^mm^m 

20 f\^mzmK.^Zihf)^X^. VX^$t3 5TOCNT@(D 

/W>y«(7)X^y^>i:/U-K^^CNT(O^nc}:0 
t>:^€<;^*9, Jif2<7)am;6tt#^nSo :ine>c^f^ffl^ 
^{t. CNr(DJi^y^>^U-h<kKl^±^t^^m^X^ 

^i&'f'^^mm^^^^ >yuiiLxm^'^rzm'^\zh. m 
mz»^zit^^x^^o 

[0 114] jL^jicocfc^tc, ^Mmmmm\zm^mmyj 

30 /N*-r>y«^CNT 1 2 aOOX^y^>iJ/U— hJ;D t);^ 
^l^WipfT^SfigbTCNTKl 2^/15^-X>^"rSo 
^fcJ:< <ht)CNT 1 2 aC7)x 
hcfc 0 =t>;^^;^cJ:X^j;^>^lx- h^W-rs 

^yy^^CNT 1 2 a«hl^»#t)L<fSCNT 1 2 a J: 
r)hm<m^^ii:^Ctf)^X^^<DX. CNTIil2<^) 

m^nm^mabxmmzfsiO . mirWcihi^^^'i^it^i^ 

^Z.htji<CNTmi 2(D;^^--y^^no^hf)^X 
40 ^So MtC. 0fMc7)M:^(DCNT 1 2 a^^^^S^-ti:^® 
«c^^^(OCNTMl 2^P**f SIStC. nW^^^m^ 
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